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Abstract 
 Traditional interpretive and educational programs within the National Park 
Service, a bureau of the United States Department of the Interior, have been developed on 
the principle that when people interact firsthand with the tangible resources found within 
National Park Service (NPS) sites they come to understand the meanings, concepts, 
stories, and relationships pertaining to these places better.  While a direct physical 
connection to America’s national parks is desired, it is not always feasible.  As a result, 
the NPS has embraced the Internet and the World Wide Web as a valuable and effective 
tool to reach out and engage visitors, specifically those who may never set foot inside a 
park’s boundaries.  Many sites within the national park system are adapting technology to 
enhance place-based learning in park settings and at a distance (USNPS, 2006).   
 The purpose of this study was to address the current programming needs of the 
interpretation and education division staff at Wind Cave National Park in South Dakota 
by developing a curriculum that utilized the Internet and educational technology to reach 
out, engage and provide memorable and meaningful learning experiences regarding caves 
and karst topography to formal educators and their classrooms.  A technology-infused 5
th
-
8
th
 grade earth science curriculum focusing on caves was developed and evaluated by 
both formal and nonformal educators. 
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Chapter One 
Introduction 
 
America’s national parks belong to all of the nation’s people and each individual 
should have opportunities to enjoy them.  The National Park Service, a bureau of the 
United States Department of the Interior, is continually adjusting to changing patterns of 
visitation and an increasingly multi-racial, multi-ethnic, and multi-cultural society to 
ensure that the national park system remains high among societal concerns and relevant 
to future generations.  The goal of National Park Service interpretive and educational 
programs is to provide memorable and meaningful learning and recreational experiences, 
foster development of a personal stewardship ethic, and broaden public support for 
preserving park resources.  Interpretation and education is the key to preserving both the 
idea of national parks and the park resources themselves (USNPS, 2005).  The 
educational programs of the National Park Service are designed to enrich lives and 
enhance learning, nurturing people’s appreciation for parks and other special places, 
therefore helping to preserve America’s heritage.   
The National Park Service must change its traditional approach of interpretation 
and education to improve relevancy in the 21
st
 century.  To enact this change the National 
Park Service is implementing new and innovative ways to reach out, engage, and 
cultivate support of the increasingly diverse array of visitors.  National Park Service 
interpretive and educational programs must explore ingenious approaches to inform a 
diverse constituency, many of whom may never set foot inside a park’s boundaries.  
Innovative use of existing and emerging technology can maximize both visitor 
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experience and employee effectiveness.  Parks should use technological communications, 
such as the Internet and distance learning, to enhance their informational, orientation, 
interpretive, and educational programs.  Interpretation and education should seek to 
provide opportunities for more audiences to have experiences that connect them to the 
national park system, so that they will come to value and enjoy these special places 
(USNPS, 2006). 
Purpose of the Study 
 
Wind Cave National Park (WICA) is one of over 400 areas within the National 
Park System.  The park is located 6 miles north of Hot Springs, South Dakota in a region 
known as the Black Hills.  It encompasses 33,851 acres of mixed-grass prairie, ponderosa 
pine forest, and associated wildlife as well as one of the World’s longest and most 
complex cave systems.  The Division of Interpretation and Education at Wind Cave 
National Park currently offers a wide variety of programming to park visitors.  Five 
different ranger-guided tours into Wind Cave are offered throughout the year.  Other 
interpretive/educational programs given at the park include talks, walks, hikes, Junior 
Ranger programs, and evening programs.  Wind Cave National Park is open year round 
and teachers can bring students for regularly scheduled cave tours any time.  Teachers 
may also request a program that supports a particular classroom objective for any of the 
cave tours.  Wind Cave National Park also has two curriculum-based environmental 
education programs available for classes to participate in. 
Traditional field trips have long helped bridge the gap between formal and 
nonformal learning.  Nonformal learning environments such as museums, zoos, national 
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parks, nature centers and other outdoor settings appeal to a variety of different learning 
modes and visits to these places help connect topics covered in the classroom to real 
world contexts.  A well-planned traditional field trip can provide direct learning 
experiences and add realism and relevancy to studies.  Traditional field trips are one way 
of adding variety to instruction, however, despite research confirming enhanced learning 
as a result of participation in field trips, relatively few teachers take students on such 
excursions.  Reasons teachers give for not taking field trips include a schedule which is 
already too full, too many pupils in class, lack of time for planning, problems with 
liability, lack of transportation, lack of funding, lack of resource people for assistance, 
failure of school to assume trip risks, and the inability of some tour guides/nonformal 
educators to teach and engage students.  To help alleviate the logistical barriers to 
effective use of field trip instruction many nonformal learning environments, such as 
National Parks, are currently utilizing digital learning experiences to provide an 
abundance of learning possibilities for formal K-12 classrooms.   
The interpretation and education division staff at Wind Cave National Park have 
expressed a desire to “reach out to people who will never make it here” (M. Laycock, 
personal communication, April, 4, 2011).  The curriculum-based environmental 
education programs currently offered at the park fill up quickly and another method “to 
reach local schools as well as reaching out to people way beyond our boundaries” is 
needed (M. Laycock, personal communication, April 4, 2011).  Based on the current need 
of the Wind Cave National Park staff for additional educational programming combined 
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with the technological capability to broadcast live via the Internet from several locations 
within Wind Cave has resulted in the creation of the “Amazing Caves!” curriculum. 
“Amazing Caves!” is a technology infused 5th – 8th grade earth science curriculum 
that focuses on caves.  It consists of 14 lessons which are each approximately 40 minutes 
in length.  The learning outcomes in this curriculum are aligned with the National 
Science Education Standards: 5
th
 – 8th grade and the National Educational Technology 
Standards for Students.  The curriculum utilizes current popular and reputable 
educational technology as well as traditional classroom teaching methods and is available 
to both formal and nonformal educators via the Internet free of charge. 
Significance of Study 
 
 Over the past several decades computers and information technology have been a 
powerful driving force for innovation in many fields and have transformed our world.  By 
providing increasingly ubiquitous access to connectivity and knowledge, technology has 
unleashed a revolution in the way we live, work, and play.  Today, in an effort to improve 
student learning and better prepare them for the future workforce, almost every school in 
the United States has Internet access and about one computer per every four students 
(Inan & Lowther, 2010).  Numerous state and federal government bodies have adopted 
legislation supporting the use of computers and the Internet as a tool to improve academic 
achievement (Brown & Warschauer, 2006).  Technology use in schools varies but can be 
grouped into 3 categories: technology for instructional preparation, technology for 
instructional delivery (teacher and student), and technology as a learning tool.  
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 Many national parks, nature centers, museums, zoos, and aquariums are utilizing 
computers and the Internet to reach out to formal educators and K-12 classrooms.  The 
majority of current “distance learning” opportunities provided by national park service 
sites consist of what the NPS refers to as “electronic field trips”.  The term 
electronic/virtual field trip embraces a range of instructional approaches and technologies 
but generally denotes a multimedia presentation that brings the sights and sounds of a 
distant place to a learner through a computer (Klemm & Tuthill, 2003).  These NPS 
programs use new and traditional broadcast media to bring students to the parks for 
curriculum-based exploration and discovery.  Most field trips include a live or recorded 
video-based experience accompanied by a suite of new and social media.  Like traditional 
field trips, these distance learning opportunities are park-based and aligned with state or 
national core curriculum standards and include pre and post-visit activities (USNPS, 
n.d.).   
 Field trips, whether traditional or virtual, are most useful and relevant in 
classroom situations where the teacher and students use the field trip as a frame of 
reference that can be an anchor for content.  The most effective field trip conditions are 
those in which there has been a progressive process of preparation for the field trip 
(connecting content with the upcoming event to heighten attention of the students) or 
when the teacher makes overt reference to the field trip experience in future learning 
activities (Cassady, Kozlowski, & Kornmann, 2008).  “Amazing Caves!” originated from 
Wind Cave National Park’s desire to create a distance learning experience focusing on an 
electronic field trip which would allow participants to experience the subterranean realm 
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of Wind Cave without actually setting foot inside of it.  While a field trip, either 
traditional or virtual, is still a component of “Amazing Caves!”, the final product consists 
of 14 lessons and all related educational materials. 
 “Amazing Caves!” utilizes educational technology in its delivery and content to 
reach 5
th
 -8
th
 grade formal classrooms and to educate students about caves.  It strives to 
answer three main questions: 
1. What are caves?  
2. Where are caves located? 
3. Why are caves important? 
The curriculum is a creative way to address the current needs of formal educators while 
infusing environmental education into 5
th
-8
th
 grade curriculum.  Through the use of 
technology it helps establish a relationship between nonformal educators at a specific 
site, in this case Wind Cave National Park, with formal educators and their classrooms 
locally, nationally, and internationally.    
 Many nonformal educators, including the education and interpretation staff at 
Wind Cave National Park, are continually looking for ways to integrate environmental 
education into formal classrooms and establish relationships with teachers.  
Environmental education (EE) has become an increasingly prominent part of primary and 
secondary education in the United States and environmental topics have become a part of 
the curriculum in many schools.  Thirty-one states have adopted requirements that 
environmental concepts be incorporated into K-12 curriculum (ICEE, 1997).  One 
approach used to incorporate EE into schools, and more specifically the curriculum, is 
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infusion.  Infusion is the incorporation of environmental concepts, activities, and 
examples into existing curricular goals (EETAP, May 2004).  A growing body of 
evidence supports the relevance of environmental education to formal education, with 
positive student outcomes in areas of reading, math, and science achievement; critical 
thinking; motivation and engagement; and leadership and character skills (Ernst, 2007).  
By incorporating environmental education instructional approaches teachers can help 
their students become better readers, writers, and thinkers as well as develop awareness 
about environmental issues, sense of responsibility, and care for the world and the 
environment (Bartosh, Tudor, Ferguson, & Taylor, 2006). 
Assumptions 
 “Amazing Caves!” was developed to meet the current programming needs of the 
interpretation and education staff at Wind Cave National Park with the 
expectation that they will implement the curriculum and promote it to formal 
educators. 
 “Amazing Caves!” will be of interest to other nonformal educators that teach 
about caves and karst topography, specifically those employed within the 
National Park Service.  The curriculum is easily adaptable to these sites. 
 When properly used and supported web-based technology is an effective learning 
and communication tool that can aid in developing relationships between formal 
and nonformal educators and connect learners with distant places, specifically our 
nation’s National Parks.  
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Limitations 
 Evaluation of this curriculum took place through feedback by both formal and 
nonformal educators.  The overall educational soundness and content accuracy for the 
lessons was assessed.  There was no formal evaluation of each individual lesson plan.  
 The lessons were not pilot tested at this time.  The accomplishment of student 
learning outcomes was unable to be determined.   
Definitions 
Environmental Education 
A learning process that increases peoples’ knowledge and awareness about the 
environment and associated challenges, develops the necessary skills and expertise to 
address the challenges, and fosters attitudes, motivations, and commitments to make 
informed decisions and take responsible action. (UNESCO, Tbilisi Declaration, 1978); 
(NAI, n.d.) 
Interpretation 
A mission-based communication process that forges emotional and intellectual 
connections between the interests of the audience and meanings inherent in the resource.  
(National Association for Interpretation, 2000); (NAI, n.d.) 
Formal Education/Learning 
The hierarchically structured, chronologically graded education system, running from 
primary school through the university and including, in addition to general academic 
studies, a variety of specialized programs and institutions for full-time technical and 
   9 
 
professional training.  (Adapted from The Encyclopedia of Informal Education, 2006); 
(NAI, n.d.) 
Nonformal Education/Learning 
Any organized educational activity outside the established formal system – whether 
operating separately or as an important feature of some broader activity – that is intended 
to serve identifiable learning clienteles and learning objectives.  (Adapted from The 
Encyclopedia of Informal Education, 2006); (NAI, n.d.)  
Summary 
 The Organic Act of 1916 created the National Park Service to conserve park 
resources and to “provide for the enjoyment of the same in such manner and by such 
means as will leave them unimpaired for future generations.”  The purpose of NPS 
interpretive and educational programs is to advance this mission by providing memorable 
educational and recreational experiences that will (1) help the public understand the 
meaning and relevance of park resources, and (2) foster development of a sense of 
stewardship (USNPS, 2006).  As a result of technological advances, people can visit a 
national park “virtually”.  Formal educators and their classrooms can connect with park 
resources at their convenience.  By embracing the World Wide Web as a valuable and 
interactive tool for interpretation and educational outreach, Wind Cave National Park 
staff can increase opportunities to connect with audiences locally, nationally and 
globally.  
 “Amazing Caves!” provides 5th-8th grade formal educators the opportunity to 
delve beneath the surface of the Earth and learn about some of our planet’s last 
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unexplored places without ever leaving the classroom.  Through 14 standards-based 
lessons teachers can share the unique scientific and recreational value of these fragile 
resources with their students.  By utilizing the Internet and distance learning, formal and 
nonformal educators can work together to connect learners with the wildness and beauty 
of these remarkable underground treasures.  By nurturing their understanding of caves 
students may come to appreciate them and other natural places, both locally and at a 
distance.   
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Chapter 2 
Literature Review 
Introduction 
 The main themes in literature that are reviewed in this chapter will include an 
overview of environmental education, educational programming within the National Park 
Service, current use of technology within the National Park Service, and technology in K-
12 formal education including the benefits of implementing educational technology 
within classrooms and barriers to technology integration. 
Environmental Education 
 Environmental education (EE) grew out of many other educational movements 
and philosophies including nature study, conservation education, the progressive 
education movement, and outdoor education.  In 1969, Dr. William Stapp and his 
students at the University of Michigan formally defined environmental education by 
publishing “Environmental education is aimed at producing a citizenry that is 
knowledgeable concerning the biophysical environment and its associated problems, 
aware of how to help solve these problems, and motivated to work toward their solution” 
(Stapp, 1969).  The development of two founding documents by the United Nations 
Educational, Scientific and Cultural Organization (UNESCO) would further define 
environmental education and provide a framework, principles and guidelines for EE 
locally, regionally and internationally and for all age groups both inside and outside the 
formal school system. 
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 In 1975, participants at an UNESCO environmental education workshop in 
Belgrade, Yugoslavia, proposed a global framework for EE, referred to as the Belgrade 
Charter.  The Charter’s goal statement for environmental education has been generally 
accepted by professionals in the field.  The Charter states: 
“The goal of EE is to develop a world population that is aware of, and concerned 
about, the environment and its associated problems, and which has the 
knowledge, skills, attitudes, motivations, and commitment to work individually 
and collectively toward solutions of current problems and the prevention of new 
ones.” (UNESCO-UNEP, 1976, p. 3) 
 Two years after the Belgrade workshop, UNESCO in cooperation with the United 
Nations Environment Programme (UNEP) organized the world’s first Intergovernmental 
Conference on Environmental Education in Tbilisi, Georgia.  The Tbilisi Report built 
upon the Belgrade Charter and produced the following goals for environmental 
education: 
 To foster clear awareness of, and concern about economic, social, political, and 
ecological interdependence in urban and rural areas; 
 To provide every person with opportunities to acquire knowledge, values, 
attitudes, commitment and skills needed to protect and improve the environment; 
and 
 To create new patterns of behavior of individuals, groups and society as a whole 
towards the environment (UNESCO, 1978) 
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The report also identified five categories of objectives for individuals and groups that 
should be acquired through EE.   
 Awareness – to help social groups and individuals acquire awareness and 
sensitivity to the total environment and its allied problems; 
 Knowledge – to help social groups and individuals gain a variety of experience 
in, and acquire a basic understanding of the environment and its associated 
problems; 
 Attitudes – to help social groups and individuals acquire a set of values and 
feelings of concern for the environment and the motivation for actively 
participating in environmental improvement and protection; 
 Skills – to help social groups and individuals acquire skills for identifying and 
solving environmental problems; and 
 Participation – to provide social groups and individuals with an opportunity to be 
actively involved at all levels in working toward resolution of environmental 
problems (UNESCO, 1978) 
Using these five objectives, environmental education strives to develop engaged, 
responsible citizens and achieve the ultimate goal of EE which is the development of an 
environmentally literate citizenry. 
 Hollweg, Taylor, Bybee, Marcinkowski, McBeth, & Zoido (2011) defines an 
environmentally literate person as “someone who, both individually and together with 
others, makes informed decisions concerning the environment; is willing to act on these 
decisions to improve the well-being of other individuals, societies, and the global 
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environment; and participates in civic life” (p. 2-3).  Environmentally literate individuals 
understand environmental issues and how environmental quality is impacted by human 
decisions.  In addition, they use this knowledge to make informed, well-reasoned choices 
that also take social and political considerations into account (NAAEE, 2009).  Elder 
(2003) states that environmental literacy is “the capacity to act in daily life on a broad 
understanding of how people and societies relate to each other and natural systems, and 
environmental education is the process of developing that capacity” (p. 17).   
 Environmental education embodies the characteristics of quality education, which 
occurs over a continuous lifelong process, both in the formal and nonformal realms 
(UNESCO, 1978).  The North American Association for Environmental Education 
(NAAEE) developed guiding principles in order to set a standard for high quality EE 
across the United States.  These voluntary guidelines are based on what an 
environmentally literate person should know and be able to do.  They provide students, 
parents, educators, home schoolers, administrators, policy makers, and the public with a 
common course of action concerning environmental education instructional efforts 
nationwide.  These guiding principles include: 
 The learner is an active participant 
 Instruction should be guided by the learner’s interests and treated as a process of 
building knowledge and skills 
 Instruction provides opportunities for learners to enhance their capacity for 
independent thinking and effective, responsible action 
 A strong emphasis on developing communication skills 
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 Educators must take a balanced approach to instruction 
 Personal commitment [of learners] begins with an awareness of what immediately 
surrounds them 
 Instructors provide [the learners] early and continuing opportunities to explore 
their environment (NAAEE, 2010, p. 4-5) 
 The goals, objectives, and guidelines outlined above provide educators with the 
necessary criteria to provide quality environmental education both at the formal and 
nonformal level.  In order for an EE program to be effective it must be instructionally 
sound and relevant to the mission of the agency or organization, to the educational 
objectives of the audience, and to the everyday lives of the individual learners (Athman 
& Monroe, 2001).  The North American Association for Environmental Education 
outlines several key characteristics of high quality EE materials.  These characteristics 
are: 
1. Fairness and accuracy: EE materials should be fair and accurate in describing 
environmental problems, issues, and conditions, and in reflecting the diversity of 
perspectives on them. 
2. Depth: EE materials should foster awareness of the natural and built 
environment, an understanding of environmental concepts, conditions, and issues, 
and an awareness of the feelings, values, attitudes, and perceptions at the heart of 
environmental issues, as appropriate for different developmental levels. 
3. Emphasis on skills building: EE materials should build lifelong skills that enable 
learners to address environmental issues. 
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4. Action orientation: EE materials should promote civic responsibility, 
encouraging learners to use their knowledge, personal skills, and assessments of 
environmental problems and issues as a basis for environmental problem solving 
and action. 
5. Instructional soundness: EE materials should rely on instructional techniques 
that create an effective learning environment. 
6. Usability: EE materials should be well designed and easy to use. (NAAEE, 2004) 
These characteristics combined with the NAAEE guiding principles provide a standard 
for environmental educators to aim at when developing new programs and instructional 
materials such as lesson plans and curricula. 
Education in the National Park Service 
 
 On August 25, 1916, President Woodrow Wilson signed the act creating the 
National Park Service.  The “Organic Act” of 1916 states that “the Service thus 
established shall promote and regulate the use of Federal areas known as national parks, 
monuments and reservations… by such means and measures as to conform to the 
fundamental purpose of said parks, monuments and reservations, which purpose is to 
conserve the scenery and the natural and historic objects and the wild life therein and to 
provide for the enjoyment of the same and in such manner and by such means as will 
leave them unimpaired for the enjoyment of future generations.”  Since its inception, one 
of the chief functions of the national parks has been to serve educational purposes.  
 The purpose of NPS interpretive and educational programs is to advance the 
mission of the National Park Service by providing memorable educational and 
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recreational experiences that will help the public understand the meaning and relevance 
of park resources and foster a development of a sense of stewardship (USNPS, 2006).  
The educational programs of the National Park Service are designed to enrich lives and 
enhance learning, nurturing people’s appreciation for parks and other special places, 
therefore helping to preserve America’s heritage.  To accomplish this, the NPS, develops 
interpretive and educational programs according to the following principles: 
 NPS programs are place-based.  Programs use national parks and other places as 
dynamic classrooms where people interact with real places, landscapes, historic 
structures, and other tangible resources that help them understand meaning, 
concepts, stories, and relationships. 
 NPS programs are learner-centered.  Programs honor personal freedom and 
interests through a menu of life-long learning opportunities that serve a wide 
variety of learning styles, encourage personal inquiry, and provoke thought. 
 NPS programs are widely accessible.  Programs provide learning opportunities, 
reflect and embrace different cultural backgrounds, ages, languages, abilities, and 
needs.  Programs are delivered through a variety of means, including distance 
learning, to increase opportunities to connect with and learn from the resources. 
 NPS programs are based on sound scholarship, content methods and audience 
analysis.  Programs are informed by the latest research related to natural and 
cultural heritage and incorporate contemporary education research and 
scholarship on effective interpretive and educational methods. 
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 NPS programs help people understand and participate in our civil democratic 
society.  Programs highlight the experiences, lessons, knowledge, and ideas 
embodied in America’s national parks and other special places and provide life-
long opportunities to engage in civic dialogue. 
 NPS programs incorporate ongoing evaluation for continual program 
improvement and effectiveness.  Programs are regularly evaluated and improved 
to ensure that they meet program goals and audience needs. 
 NPS programs are collaborative.  Where it furthers the NPS mission and is 
otherwise appropriate, programs are created in partnership with other agencies 
and institutions to achieve common goals.  (USNPS, 2005) 
 Interpretive and educational programs within the National Park Service include a 
variety of services such as informational and orientation programs, interpretive programs, 
educational programs, and interpretive media.  Each of the 400+ units within the national 
park system offer a variety of personal services in which staff facilitates opportunities for 
emotional and intellectual connections between the resources of the site and the visitors.  
These services, which may be in collaboration with partners, inform and orient visitors, 
increase understanding and appreciation of park values, protect park resources, and 
improve visitor safety.  Interpretive and educational programs of the NPS are well 
researched, pre-planned, and have a theme, goal, and objective with desired measureable 
outcomes.  Programs also take into consideration audience characteristics, multiple points 
of view, and the available time of the audience (USNPS, 2005).  An effective park 
interpretive and education program will include: 
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 Information and orientation programs that provide visitors with easy access to the 
information they need to have a safe and enjoyable park experience; 
 Interpretive programs that provide both on- and off-site presentations and are 
designed to encourage visitors to form their own intellectual or emotional 
connections with the resource.  Interpretive programs facilitate a connection 
between the interests of the visitor and the meanings of the park; 
 Curriculum-based educational programs that link park themes to national 
standards and state curricula and involve educators in planning and development.  
These programs include pre-visit and post-visit materials, address different 
learning styles, include an evaluation mechanism, and provide learning 
experiences that are linked directly to clear objectives.  Programs develop a 
thorough understanding of park’s resources in individual, regional, national, and 
global contexts and of the park’s place within the national park system; and 
 Interpretive media that provide visitors with relevant park information and 
facilitate more in-depth understanding of – and personal connection with – park 
stories and resources.  This media will be continually maintained for both quality 
of content and condition based upon established standards.  (USNPS, 2006) 
 The interpretive and educational programs of each unit within the national park 
system are grounded in park resources; themes related to the park’s legislative history 
and significance; and park and service-wide mission goals. The intent is to provide each 
visitor with an interpretive experience that is enjoyable and inspirational within the 
context of the park’s tangible resources and the meanings they represent (USNPS, 2006).  
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General management plans and comprehensive interpretive plans (CIPs) serve as the 
backbone of interpretive and educational program planning and direction.  The CIP 
process guides park staff in defining themes, determining desired visitor experience 
opportunities, identifying challenges, and recommending which stories to tell, how to tell 
them, and how to reach specific audiences (USNPS, 2006).  The interpretive and 
educational programs throughout the national park system strive to strengthen public 
understanding of the full meaning and relevance of heritage resources, both cultural and 
natural, by creating public dialogue and fostering civic engagement (USNPS, 2005). 
 National parks are places to demonstrate the principles of biology, to illustrate the 
national experience as history, to engage formal and informal learners throughout their 
lifetime, and to do these things while challenging them in exciting and motivating 
settings (National Park System Advisory Board, 2001).  Parks are places to stimulate an 
understanding of history in its larger context, not just as human experience, but as the 
sum of the interconnection of all living things and forces that shape the earth (National 
Park System Advisory Board, 2001).  National park’s are among the most remarkable 
places in America for recreation, learning and inspiration.  They have been referred to as 
“America’s greatest university without walls” and include many of the world’s most 
magnificent landscapes, a rich diversity of plant and animal life, some of the finest 
examples of American culture, and historic objects and places that reflect the most 
important events in American history (National Park System Advisory Board, 2001).  As 
required by the 1916 Organic Act, these special places must be managed in a way that 
allows them to be enjoyed not just by those who are here today, but also by generations 
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that follow.  Interpretive and educational programs are the primary methods the National 
Park Service uses to connect people to their parks, with opportunities for all visitors to 
form their own intellectual, emotional, and physical connections to meanings and values 
found in the park’s stories.  Facilitating these opportunities through effective interpretive 
and educational programs encourages the development of a personal stewardship ethic 
and broadens public support for preserving and protecting park resources so that they 
may be enjoyed by present and future generations (USNPS, 2006).  Interpretation and 
education is the key to preserving both the idea of national parks and the park resources 
themselves (USNPS, 2005).  The National Park Service is committed to extend its 
leadership in education, build on what is in place, and pursue new relationships and 
opportunities to make national parks even more meaningful in the life of the nation 
(USNPS, 2006).   
Education Technology in the National Park Service 
 The National Park Service (NPS) has embraced the Internet and World Wide Web 
as a valuable and effective interactive tool for interpretation, education outreach, and 
worldwide distribution of National Park Service information.  To remain relevant in the 
lives of young people and embrace how Americans receive and use knowledge in the 21
st
 
century, the NPS must use appropriate technologies as they become available, and be a 
leader in adapting technology to enhance place-based learning in park settings and at a 
distance (US National Park Service Interpretation & Education Program, 2006).  The 
official policy regarding use of social media and social networking services and tools 
within the Department of the Interior (DOI) was released in December 2010.  The DOI 
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encourages its bureaus, which includes the National Park Service, to use technology to 
“communicate their missions and messages with the public when there is a legitimate 
business case to do so” (US Department of the Interior, 2010).  Technology offers new 
and tremendous opportunities – not to replace national park experiences, but to make 
tangible meanings available in ways never before imagined.   
 In 2012 a subcommittee of the National Park System Advisory Board, a group of 
citizen advisors chartered by Congress to help the NPS care for the parks, focused on 
current technology deployment, use, and/or development within the educational context 
and mission of the NPS.  The report stated that new technologies and content were 
needed to help reach a broader audience for national park experiences and that by 
utilizing mobile tools and social media place-based learning could be extended in 
powerful ways (National Park System Advisory Board, 2012).  The use of technology 
can enhance the visitor experience all people have in parks as well as facilitate 
opportunities for members of the public that could not experience the park in traditional 
ways (National Park System Advisory Board, 2012).  The National Park Service and its 
partners have developed a growing range of new and social media resources to support 
park education programs.  Every new application of education technology within the NPS 
is designed to intensify formal and informal educational experiences, and to expand the 
audience for park educational programming (USNPS, n.d.).  The most prevalent of these 
are the “WebRangers” program and a variety of distance learning opportunities offered 
by individual NPS sites. 
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 WebRangers, www.nps.gov/webrangers, is the National Park Service’s online 
version of the popular park-based Junior Ranger program for children of all ages.  The 
overall goal of the program is to expand the community of young people and their parents 
who understand the values and meanings inherent in the National Park system, and who 
act locally to conserve them.  There are more than 50 interactive online activities that 
challenge children to complete critical thinking-based modules in order to earn the 
coveted WebRanger patch.  WebRangers provides a safe environment for students to 
learn about United States history, the environment and stewardship, geography, our social 
history, various cultures, language arts, and real life applications in mathematics, while 
also gaining essential computer skills.  Activities involve the use of skills and knowledge 
ranging from mathematics to science to writing.  Within the WebRangers Community, 
learners are provided with many opportunities to explore self expression to a world-wide 
audience through story writing, answering the questions of the week, and by writing to 
the WebRangers team to ask questions, and share their opinions about WebRangers.  The 
WebRangers Community is constantly moderated by National Park Service personnel.  
All content is approved before posting to the WebRangers community.  A “WebRangers 
Teachers’ Resource Guide” is available to educators.  The guide provides a tool that 
allows educators greater usability and application of WebRangers in the classroom.  The 
guide presents an at-a-glance analysis of each WebRanger’s activity and references the 
National Standards of Learning. Educators are able to read a brief description of each 
activity and understand how each activity addresses a breadth of subjects including 
geography, history, language arts, math, science, and social studies. The WebRangers 
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program engages young people in learning through fun activities that bring the national 
parks to life in their homes or schools.  It is not an attempt to keep children glued to the 
computer screen, but rather, serves as an invitation to children who are already online to 
come out and explore their national parks (USNPS, n.d.).  At the end of 2012 there were 
222,637 registered WebRangers and 11,121 had completed 45 of over 70 Flash-based 
activities to earn a WebRangers patch.  In addition, 1.5 million others accessed the site 
without registering (National Park System Advisory Report, 2012). 
 The Harpers Ferry Center (HFC), located in Harpers Ferry, West Virginia, 
provides leadership, expertise and support to create media that effectively communicates 
National Park Service messages to the public.  It is the mission of the center to provide 
sites within the National Park system with the tools and services needed to interpret these 
special places to park visitors.  As of May 2014 the HFC states on their website, that 
“more than 100 park distance learning programs (often called electronic field trips) use 
new and traditional broadcast media to bring students to the parks for curriculum-based 
exploration and discovery.  Most field trips include a live or recorded video-based 
experience accompanied by a suite of new and social media (on-line activities, chat 
rooms, blogs, Facebook pages, podcasts or Flicker libraries.  These expanding 
opportunities give teachers and students a chance to explore the story in depth, follow 
their own leads and extend the experience.  Like actual field trips, distance learning 
opportunities such as Electronic Field Trips are park-based and aligned with state or 
national core curriculum standards and include pre and post-visit activities.  Unlike actual 
field trips, these tours often take students “behind the velvet ropes” to see and experience 
   25 
 
the park” (USNPS, n.d.). The Harpers Ferry Center includes “some great examples of the 
technology that NPS is using to educate the public about National Parks, Monuments, 
and Historic Sites”.  A majority of the examples of educational technology highlighted by 
the HFC include what the National Park Service is referring to as “electronic field trips”. 
 The terms “electronic field trip” and “virtual field trip” are often used 
interchangeably.  The terms embrace a range of instructional approaches and 
technologies but generally denote a multimedia presentation that brings the sights and 
sounds of a distant place to a learner through a computer (Klemm & Tuthill, 2003).  An 
electronic field trip (EFT) allows a teacher to take his/her classroom anywhere at any 
time.  Their function is to enrich and augment actual field trips and field studies, or to 
provide a virtual alternative when no actual field experience is possible.  An EFT is not 
an attempt to create a virtual reality where the intention is to immerse the user fully in an 
interactive computer-generated environment.  An EFT is an attempt to place further 
autonomy in the user’s hands, by allowing observations to be made without being on the 
actual site (Stainfield, Fisher, Ford, & Solem, 2000).  Electronic field trips provide a 
good alternative to an actual field trip and can provide some of the benefits of a field 
experience but without the associated problems. 
 Electronic field trips can be divided into two categories: “teacher-created EFTs” 
and “pre-made EFTs”.  Tuthill and Klemm (2002) placed the various forms of “pre-
made” electronic field trips available on the World Wide Web into the following 
categories: 
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1. EFTs as “Travel Brochures”: Used to help prepare students for an actual trip to 
a site.  This allows for more efficient use of field time when visiting the actual 
site. 
2. EFTs as a Multi-School Partnership: A partnership between two or more 
classes with the purpose of conducting research on a remote site.  The “host” class 
gathers data for the “remote” class about a local point of interest close to the host 
school. 
3. EFTs for Collaboration: Designers encourage active learning, such as engaging 
the learner in collecting numerical data, recording observations, answering 
questions, or completing a drawing. 
4. Professionally Produced Multi-Media EFTs: Combine broadcast TV, 
videotape, e-mail, the World Wide Web, and hands-on discovery activities for 
classroom use.  Feature online discussion groups for teacher-to-teacher support, as 
well as interactive projects to promote student-with-student collaboration.  
Combine synchronous and asynchronous activities and provide extensive 
background resources. 
5. Threaded EFTs: “A guided and narrated tour of websites that have been selected 
by educators… and arranged in a “thread” that students can follow from site to 
site with just the click of a single button.” 
There are many pre-made electronic field trips available to educators on the Internet, 
including a growing number being provided by sites within the National Park Service.  
   27 
 
Formal educators are able to incorporate pre-made EFTs into their classroom curriculum 
without spending time creating them on their own.   
 In general an electronic field trip is an authentic digital learning experience 
associated with a classic field trip location that involves student activities, teacher 
curriculum, and a live broadcast from the target location (Cassady et al., 2008).  The 
components of an electronic field trip often include content background information, 
images/animations, Quicktime movies and VR, sound/music, video, online forums, 
additional links, and educational materials (Stevenson, 2001).  Many EFTs include live 
broadcasts from the field trip location, student interactive learning materials on the web, 
teacher-focused curricula and in-class activities, teacher guidance, “webisodes” which are 
online short films that cover some minute piece of information from the field trip 
location, and interactive aspects in live broadcasts.  Many electronic field trips are 
designed to provide educators and learners with access to materials, resources, and 
experts that are beyond the scope of possibility for most classrooms (Cassady et al., 
2008).  EFTs are an inexpensive way to integrate hands-on technology into formal 
education curricula while maintaining high student interest in the unit being studied.  
Electronic field trips offer a student-centered approach to instruction, and they diversify 
the teaching methods of content area instruction (Lacina, 2004). 
 Electronic field trips are not intended to replace traditional field trips.  EFTs 
provide access to places that normally would be impossible for classrooms to visit, and 
this, in turn, provides an abundance of learning possibilities for the classroom.  EFTs also 
provide an alternative option to formal educators and their students who are bound by the 
   28 
 
numerous logistical barriers faced when planning a traditional field trip to an informal 
learning environment such as a museum, zoo, park, or nature center.  The primary 
rationale for electronic field trips rests on the opportunity to connect formal educators 
and their classrooms with materials, expertise, and resources that are beyond their 
reasonable access due to geographic, financial, or safety barriers (Cassady & Mullen, 
2006).   
 Field trips, whether traditional or electronic, are most useful and relevant in 
classroom situations where the teacher and students use the field trip as a frame of 
reference that can be an anchor for content.  The most effective field trip conditions 
would be those in which there has been a progressive process of preparation for the field 
trip event (connecting content with the upcoming event to heighten attention of the 
students) or when the teacher makes overt reference to the field trip experience in future 
learning activities (Cassady et al., 2008).  When classroom instruction is aligned with the 
learning goals of the field trip, greater success in gaining deep and long-term 
understanding of materials is enjoyed.  Klemm and Tuthill (2003) found that the 
following are attributes of best practices for all field trips, whether actual or virtual: 
 Purposeful planning of the trip, with focus on the learners and learning. 
 Learner-centered experiences and active student learning. 
 Cooperative learning activities so students interact with each other as well as with 
teachers and experts. 
 Questioning strategies that support problem-solving and higher order critical 
thinking. 
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 Teachers and field trip leaders as guides who scaffold the learning experiences. 
 Differentiated instruction that provides for the individual needs of learners, giving 
attention to gender, cultural diversity, language and special needs. 
 Multiple opportunities for learner success, attending to differences in learning 
styles, learning modalities and multiple intelligences. 
Field trips, whether actual or virtual, should serve as a means to greater understanding, 
rather than as an end in itself (Klemm & Tuthill, 2003). 
 New technologies can help overcome geographic isolation, support an 
investigative study of topics, and promote understanding, however an electronic field trip 
cannot offer total sensory and experiential learning opportunities that are available to 
students in effective well-planned traditional field trips (Tuthill & Klemm, 2002).  The 
goal of an electronic field trip is not to supplant a traditional field trip but to focus on 
sparking children’s interest in continuing their exploration of the learning housed in the 
field trip location by visiting the national treasures personally (Cassady et al., 2008).  
Most schools are not located in close proximity to elite field trip sites.  The flexibility of 
EFTs allows all formal educators the ability to access some of the nation’s best resources, 
experts, and locations.  An electronic field trip allows a formal educator to bring the 
sights and sounds of a distant place into his or her classroom through a computer, and 
allows National Park Service staff to bring the stories and significance of some of our 
nation’s most treasured places to learners locally, nationally and globally.  
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Technology in K-12 Formal Education 
 Improved integration of technology in K-12 education has become a national 
imperative in the United States (Brown & Warschauer, 2006).  Great strides have been 
made in infusing technology into schools and into the instructional process.  School 
districts nationwide have invested heavily in the infrastructure required to accommodate 
computers and the Internet.  They have commandeered resources to purchase software 
and technical support for students and staff, and they have mandated professional 
development for educators and administrators.  Some have even established curriculum 
standards for technology to ensure that students achieve a certain level of competency 
before they graduate (NEA, 2008).  The United States Department of Education’s report 
“Educational Technology in U.S. Public Schools: Fall 2008” provided national data on 
the availability and use of educational technology in public elementary and secondary 
schools during the fall of 2008.  Surveys collected data on availability and use for a range 
of educational technology resources, such as district and school networks, computers, 
devices that enhance the capabilities of computers for instruction (e.g., LCD projector, 
interactive whiteboard, digital camera), and computer software.  The surveys also 
collected information on leadership and staff support for educational technology within 
districts and schools.  According to the report, as estimated 100 percent of public schools 
had one or more instructional computers with Internet access and the ratio of students to 
instructional computers with Internet access was 3.1 to 1.  Ninety-seven percent of 
schools had one or more instructional computers located in classrooms (excluding laptops 
on carts) and 58 percent of schools had laptops on carts.  Of the computers in public 
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schools, 91 percent were used for instructional purposes.  Of these instructional 
computers, 98 percent had Internet access, 15 percent were less than one year old, 14 
percent were laptops on carts, and 51 percent were located in classrooms (excluding 
laptops on carts).  Public schools reported having wireless network access for the whole 
school (39 percent), or for part of the school (30 percent) or wireless connections from 
laptops to carts (9 percent).  (Gray, Thomas, & Lewis, 2010a) 
 Improved use of information and communication technologies in schools is 
critical to preparing students for the social and educational challenges of 21
st
 century life 
(Brown & Warschauer, 2006).  High-speed connections, complete digital services, and 
modern computers are basic to every professional workplace and are essential to student 
learning in the 21
st
 century (Kidd, 2009).  Technology has changed not only what 
students need to learn, but also the way in which they learn.  Preparing America’s 
students with the skills they need to get good jobs and compete with countries around the 
world relies increasingly on interactive, personalized learning experiences driven by new 
technology (ConnectED, n.d.).  New technologies allow students to learn more, at their 
own pace and irrespective of geography, and develop the knowledge and skills employers 
demand (ConnectED: Learning Powered by Technology, n.d.).  The nation’s schools 
must have modern technology infrastructure and students must have access to the best 
resources so they are prepared to thrive in a globally connected world (ConnectED: 
Learning Powered by Technology, n.d.).  
 In 2010, the National Educational Technology Plan established a vision for how 
technology could provide students with access to engaging digital resources, 
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opportunities to collaborate with peers and experts, and powerful tools to solve real 
problems as an integral part of their learning experience (ConnectED: Learning Powered 
by Technology, n.d.).  The plan’s development was led by the U.S. Department of 
Education’s Office of Educational Technology and involved “the most rigorous and 
inclusive process ever undertaken for a national education technology plan” (US 
Department of Education, Office of Technology, 2010).  The plan calls for applying the 
advanced technologies used in our daily personal lives to our entire education system to 
improve student learning, accelerate and scale up the adoption of effective practices, and 
use data and information for continuous improvement (US Department of Education, 
Office of Technology, 2010).  The plan recognizes that in the United States technology is 
at the core of virtually every aspect of daily living and work, and that it must be used to 
provide engaging and powerful learning experiences and content, as well as resources 
and assessments that measure student achievement in more complete, authentic, and 
meaningful ways (US Department of Education, Office of Technology, 2010).  The 
National Education Technology Plan presents five goals with recommendations for 
states, districts, the federal government, and other stakeholders.  Each goal addresses one 
of the five essential components of learning powered by technology: Learning, 
Assessment, Teaching, Infrastructure, and Productivity. 
 On June 6, 2013, President Barack H. Obama announced the ConnectED 
Initiative, which aims to make the vision outlined in the National Education Technology 
Plan a reality by ensuring classrooms across the country are connected to high-speed 
Internet.  ConnectED is “an initiative designed to enrich K-12 education for every student 
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in America – empowering teachers with the best technology and the training to make the 
most of it, and empowering students through individualized learning and rich, digital 
content” (The White House, Office of the Press Secretary, February 4, 2014).  The 
following are the key elements of the ConnectED initiative outlined by the President: 
 Upgraded Connectivity: The ConnectED initiative will, within five years, 
connect 99 percent of America’s students to the digital age through next-
generation broadband and high-speed wireless in their schools and libraries. 
 Trained Teachers: The ConnectED initiative invests in improving the skills of 
teachers, ensuring that every educator in America receives support and training to 
use technology to help improve student outcomes.  The Department of Education 
will work with states and school districts to better use existing funding through 
the Elementary and Secondary Education Act to strategically invest in this kind of 
professional development to help teachers keep pace with changing technological 
and professional demands. 
 Build on Private-Sector Innovation: These investments will allow our teachers 
and students to take full advantages of feature-rich educational devices that are 
increasingly price-competitive with basic textbooks and high-quality educational 
software (including applications) providing content aligned with college- and 
career-ready standards being adopted and implemented by states across America.  
(The White House, n.d.) 
 The President stated in his speech that “Today, the average American school has 
about the same bandwith as the average American home, even though obviously there are 
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200 times as many people at school as there are at home.  Only around 20 percent of our 
students have access to true-high speed Internet in their classroom” (The White House, 
Office of the Press Secretary, June 6, 2013). The Internet is a powerful tool for putting 
engaging learning resources, on-demand explanations of concepts, and primary 
documents and tools for solving real-world problems into the hands of students and 
teachers (Culatta, June 7, 2013).  Without broadband access students can be constrained 
by the limits of resources at their specific schools.  Ensuring connectivity in the hands of 
students and teachers is a catalyst for reimagining the learning experience itself by 
enabling personalized learning and connectivity to experts (Culatta, June 7, 2013).  
Connectivity lays the foundation for “a vision of classrooms where students are engaged 
in individualized digital learning and where teachers can assess progress lesson by lesson 
and day by day.  It’s about creating learning environments where students can both 
succeed and struggle without embarrassment, where barriers for children with disabilities 
are removed, and where we can bring the most modern, innovative, and up-to-date 
content into the classroom” (Mun oz  Sperling, June 6, 2013).  The ConnectED initiative 
will help ensure that all students and teachers – regardless of geography or income – can 
access the rich opportunities afforded by digital learning. 
Technology in the K-12 Classroom 
 In 2010, the U.S. Department of Education published “Teacher’s Use of 
Educational Technology in U.S. Public Schools: 2009”.  This report provided national 
data on the availability and use of educational technology among teachers in public 
elementary and secondary schools during the winter and spring of 2009.  The results of a 
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national teacher-level survey, including information on the use of computers and Internet 
access in the classroom; availability and use of computing devices and software; 
teachers’ use of school or district networks (including remote access); students’ use of 
educational technology; teachers’ preparation to use educational technology for 
instruction; and technology-related professional activities were reported.  According to 
the results of the survey 97 percent of teachers had one or more computers located in the 
classroom every day, while 54 percent could bring computers into the classroom.  
Internet was available for 93 percent of the computers located in the classroom every day 
and for 96 percent of the computers that could be brought into the classroom.  The ratio 
of students to computers in the classroom every day was 5.3 to 1.  Teachers reported that 
they or their students used computers in the classroom during instructional time often (40 
percent) or sometime (29 percent).  Teachers reported that they or their students used 
computers in other locations in the school during instructional time often (29 percent) or 
sometime (43 percent).  Teachers reported having the following technology devices either 
available as needed or in the classroom every day: LCD (liquid crystal display) or DLP 
(digital light processing) projectors (36 percent and 48 percent, respectively), interactive 
whiteboards (28 percent and 23 percent, respectively), and digital cameras (64 percent 
and 14 percent, respectively).  Of the teachers with the device available, the percentage 
that used it sometime or often for instruction was 72 percent for LCD or DLP projectors, 
57 percent for interactive whiteboards, and 49 percent for digital cameras (Gray, Thomas, 
& Lewis, 2010b).  
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 The use of educational technology by teachers in K-12 schools varies.  Inan & 
Lowther, (2010) grouped it into three primary categories: 
1. Technology for instructional preparation 
2. Technology for instructional delivery (teacher and student) 
3. Technology as a learning tool 
Teacher’s professional use of technology involves preparation for various classroom 
activities; such as, preparing instructional material, communicating or collaborating with 
peers, students and their parents, locating digital resources, and creating lesson plans.  
When technology is used for instructional delivery, the teacher or students can use it.  
Teachers can present instruction by means of a projector or students may use computer-
assisted learning applications such as drill and practice, tutorials, and simulations.  The 
third category, technology as a learning tool, involves student use of basic software 
applications to extend their abilities to solve problems, create products, or communicate 
and share their perspectives with each other.  Example applications include word 
processing, presentations, databases, spreadsheets, concept mapping, and Web 2.0 tools.  
(Inan & Lowther, 2010) 
 Technology has evolved from the time when the Internet was used only as a 
reference library to today’s social, interactive online world (Duplichan, 2009).  Web 2.0 
applications have radically changed the way users create, share, collaborate and publish 
content through the Internet. While scholars have not agreed on a singular definition of 
Web 2.0, Tim O’Reilly (2005) posited that Web 2.0 technology can be seen as “an 
ongoing transition of the World Wide Web from a collection of static websites to a full-
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fledged computing platform serving Web applications to end users” (Adcock  Bolick, 
2011).   Web 2.0, also known as the Read/Write Web, allows users to work together to 
construct a knowledge base without having to work in the complicated language of 
HTML code.  Through the easy-to-use “what you see is what you get” interface, Web 2.0 
tools allow users in various contexts to create knowledge in visual, aural, spatial, and 
textual forms (Adcock & Bolick, 2011).  Web 2.0 offers many educational resources, 
such as video sharing sites, web logs/blogs, wikis, podcasts, social networking sites, 
instant messaging, RSS feeds, digital storytelling, social bookmarking sources, and 
Google resources (Adcock & Bolick, 2011; Duplichan, 2009; Hazari, North, & Moreland, 
2009).  The underlying tenet of these tools is the social networking aspect where a 
community of users is involved in a common goal (Hazari et al., 2009).  Their use is 
becoming increasingly popular in academia.   
 Emerging technologies have the potential to have a significant impact on learner 
outcomes, provided they are structured properly in the curriculum to increase knowledge, 
motivation, and enthusiasm for learning (Hazari et al., 2009).  Recent research in 
educational technology has shown that the effective use of educational technology occurs 
when the application directly: 
 Supports the curriculum objectives being assessed; 
 Provides opportunities for student collaboration and project/inquiry based 
learning; 
 Adjusts for student ability and prior experience, and provides feedback to the 
student and teacher about student performance; 
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 Is integrated throughout the lesson; 
 Provides opportunities for students to design and implement projects that 
extend the curriculum content being assessed; and 
 Is used in environments where the organization leadership supports 
technological innovation.  (Kidd, 2009) 
 Some examples of the strategies that have proven successful in influencing 
student academic performance include students working in pairs on lessons at the 
computer assisted instruction through social interactions and teamwork; digital video 
clips, audio, and graphics to supplement instruction; mathematics curricula focusing on 
mathematical analysis of real world situations supported by computer assisted 
instructional software program; multimedia creation involving research skills to locate 
content resources, capability to apply learning to real world situations, organizational 
skills, and interest in content; software programs that allow students to be aware where 
they are in the inquiry process and to reflect upon their own and other students’ inquiries; 
word processing software that utilizes writing prompts; and online feedback among peers 
who know one another allows learners to feel more comfortable with and adept at 
critiquing and editing written work (Kidd, 2009).   
 A distinct benefit of contemporary technologies such as Web sites, digital video, 
interactive programs, and hypermedia software is that they are capable of supporting rich, 
complex, and nonlinear representations of knowledge and understanding (Hernández-
Ramos & De La Paz, 2009).  Some evidence now exists that exposure to commercially 
available multimedia software has the potential to yield small but positive effects on 
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student achievement when students work individually on computers, as measured by a 
standard multiple-choice test, and that long-term retention of information is better for 
students who are given the chance to learn by collaborating in Web-based environments 
(Hernández-Ramos & De La Paz, 2009).  Students learn more from technology when 
they use it to actively construct their own conceptual understanding of a topic with the 
computer rather than when they passively learn from a computer (Scheuerell, 2010).  
When asked to create digital products such as presentations, movies, Web sites, and 
podcasts (i.e., learn by creating digital products available to wider audiences), students 
have the opportunity to organize, re-present, and make public (visualize) their 
understandings, allowing for more meaningful assessments of their learning (Hernández-
Ramos & De La Paz, 2009).  Many Web 2.0 tools encourage participatory approaches in 
which users become active contributors and producers of content.  Interaction and sharing 
of knowledge fosters an environment of collaboration which helps build social 
connections as well as reading, writing and reflective skills (Hazari et al., 2009). 
 Some recent research indicates that educational technology can facilitate the 
development of students’ higher order thinking and metacognition skills when learners 
are taught to apply the process of problem solving and are allowed opportunities to utilize 
technology in development of solutions (Kidd, 2009).  A number of studies have 
demonstrated the effectiveness of educational technology when students work in 
collaborative groups while using computers to solve problems and when students utilize 
technology presentation and communication tools to present, publish and share results of 
projects (Kidd, 2009).  The Internet, utilizing cooperative learning structures, offers a 
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promising method to motivate students to become connected with their peers and learn 
content being taught in the classroom (Scheuerell, 2010).  Cooperative learning, if 
structured properly, can lead to academic achievement in the classroom and evidence 
suggests that students who participate in cooperative learning benefit due to 
improvements in each of the following areas: long-term retention, intrinsic motivation, 
time on task, and critical thinking (Scheuerell, 2010).  Some examples of effective 
practices using educational technology to develop student higher order thinking and 
metacognition skills include the use of WebQuests and computer assisted instructional 
activities with the intent to develop the thinking skills of students through the use of 
computers, drama, activities that cause for collaboration, thinking, reflection, and 
dialogue (Kidd, 2009).  Educational technology and the development of hypermedia 
presentations on grade-level topics to develop planning and skills such as taking notes, 
finding information, coordinating their work with other team members, writing 
interpretations, and designing presentations have also shown evidence in developing 
higher order thinking and metacognition skills in students (Kidd, 2009). 
 There is growing support within literature that educational technology can lead to 
improvement in student motivation, attitude, and interest in learning.  Computer-based 
instruction can individualize learning and increase student motivation to learn.  A number 
of researchers assert that student-produced digital videos provide a variety of benefits.  
When students create their own digital videos related to coursework, their motivation and 
engagement increase, and new opportunities to engage their creativity arise (Hofer & 
Swan, 2008).  Student-produced digital video can also help enable more authentic 
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learning experiences, provide students with a sense of ownership, and engage students 
more deeply in subject matter than might have otherwise have been possible (Hofer & 
Swan, 2008).  The development and/or improvement in student attitudes toward studying 
in general and the subject matter of the project in particular have been consistently 
identified in literature regarding technology-assisted project based learning (Hernádez-
Ramos & De La Paz, 2009).  Computer-assisted instruction has been shown to help 
improve student attitudes toward themselves as learners; the use of computers in 
education; computers in general; course subject matter; quality of instruction; and school 
in general (Kidd, 2009).  Computer applications that adjust problems and tasks to 
maximize  students’ experience of success; technology applications used to produce, 
demonstrate, and share their work with  peers, teachers, and parents; and challenging, 
game-like programs and technology applications designed to develop basic skills and 
knowledge have shown evidence in improving the motivation, attitudes, and learning 
interests of students (Kidd, 2009). 
 While numerous research studies have documented the advantages of using 
technology in education the positive impacts of technology depend on how teachers use it 
in their classes.  Current research on effective instructional models, such as 
Understanding by Design (Wiggins & McTighe, 2005), demonstrate that teachers must 
place learning goals first and then select the tools that best meet those goals.  Teachers 
should select objectives that support state curriculum standards; identify learning 
activities likely to deliver the desired outcomes; and select appropriate tools 
(technologies).  When the order is reversed and pressure is placed on the teacher to use 
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the tool first and then select an activity to utilize that tool, student learning is often 
compromised (Groff & Mouza, 2008).  The goal for all teachers should be to create 
highly effective classroom environments that can meet 21
st
 century skills and demands.  
Technology can be a powerful resource to achieve this goal. 
 While many state and federal government bodies have adopted legislation 
supporting the use of computers and the Internet as a tool to improve academic 
achievement and access to technology resources and equipment in schools has 
consistently grown, the increased availability of technology in schools does not 
necessarily lead to improvement in classroom teaching practices (Inan & Lowther, 2010).  
Successful technology integration is not defined by the amount but by the nature of its 
use (Groff & Mouza, 2008).  Multiple studies have concluded that achieving technology 
integration into classroom instruction is a slow and complex process that is influenced by 
many factors (Inan & Lowther, 2010).  Groff and Mouza (2008) identified six critical 
factors, each with its own variables, that can be barriers to the implementation of 
technology and a teacher’s ability to successfully integrate innovations in the classroom.  
In summary they are: 
1. Legislative factors 
The legislative factors that often prove to be barriers to technology integration in 
the classroom include the lack of research on the efficacy of technology-based 
instruction and legislative policy that shifts frequently or is innately designed to 
facilitate the introduction of technology in the classroom. 
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2. District/school-level factors 
The factors associated with the district and school that often prove to be barriers 
to technology integration in the classroom include community members and 
administrators who may push for instructional practices that do not fall in-line 
with research-proven methods and the school environment which may be lacking 
adequate access to technological and human resources. 
3. Factors associated with the teacher 
Teacher characteristics such as lack of technology-based skills, attitudes and 
beliefs that do not favor technology-based learning, concerns towards the 
introduction of computers, and lack of familiarity with support resources can 
prove to be barriers to technology integration in the classroom. 
4. Factors associated with the technology-enhanced project/innovation 
The project or innovation can inherently possess barriers to achieving success if it 
exhibits distance from the school context and dependence on resources outside of 
the teachers’ control. 
5. Factors associated with the students 
Learners, who are the primary operators of the innovation, present their own 
barriers to achieving success with any technology-based project.  Similar to 
teacher barriers, student barriers include limited prior experiences with 
technology-based projects, technology skills, and attitudes and beliefs toward 
computers. 
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6. Factors inherent to technology itself 
By its very nature, technology brings its own challenges and, therefore, creates its 
own barriers to success in the classroom. 
 Decisions about using educational technology in classrooms are ultimately made 
by teachers.  Bringing new literacies into a classroom is not an easy task for a teacher, 
especially when two- thirds of teachers feel underprepared to use technology (Barone & 
Wright, 2008).  Challenges faced by teachers include problems with resources (lack of 
technology, time, or technical support), teacher knowledge and skills (inadequate 
technological and pedagogical knowledge), school leadership (lack of school planning or 
scheduling), teachers’ attitudes and beliefs (not valuing or being fearful of the use of new 
technologies), and assessments (traditional rather than matching new literacies’ 
expectations) (Barone & Wright, 2008).   
 According to Gray et al. (2010b), teachers in public elementary and secondary 
schools reported that they sometimes or often used the following for instructional or 
administration purposes: word processing software (96 percent), the Internet (94 percent), 
software for managing student records (80 percent), software for making presentations 
(63 percent),  and spreadsheets and graphing programs (61 percent).  Results differed by 
low and high poverty concentration of the school for the percentage of teachers that 
reported their students used educational technology sometime or often to: 
 Prepare written text (66 percent; 56 percent) 
 Learn to practice basic skills (61 percent; 83 percent) 
 Develop and present multimedia presentations (47 percent; 36 percent) 
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Percentages were based on the teachers reporting that the activity applied to their students 
(Gray et al., 2010b).  The percentage of teachers that reported that the following activities 
prepared them (to a moderate or major extent) to make effective use of educational 
technology for instruction are 61 percent for professional development activities, 61 
percent for training provided by school staff responsible for technology support and/or 
integration, and 78 percent for independent learning (Gray et al., 2010b).  According to 
the National Education Technology Plan (2010) many existing educators do not have the 
same understanding of and ease with using technology that is part of the daily lives of 
professionals in other sectors.  The same can be said of the education leaders and 
policymakers in schools, districts, and states and of the higher education institutions that 
prepare new educators for the field.  This gap in technology understanding influences 
program and curriculum development, funding and purchasing decisions about 
educational and informational technology in schools, and preservice and in-service 
professional learning.  This gap prevents technology from being used in ways that would 
improve instructional practices and learning outcomes (US Department of Education, 
Office of Technology, 2010).  
Summary 
 Introducing a new technology into the classroom in order to transform teaching 
and learning has been a long-standing tradition in education.  Classrooms and educators 
alike have seen technologies come and go, innovations tried and tossed out.  It is clear 
that computer technology will not be tossed out quickly (Groff & Mouza, 2008).  As 
technology integration within K-12 classrooms continues to increase it can offer 
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extraordinary new capacities to educators, both formal and nonformal.  Non-formal 
educators, including the staff at Wind Cave National Park, can connect with K-12 
classrooms locally, nationally and globally through innovative uses of computers and the 
Internet.  The vast breadth and depth of educational materials and other information 
available on the Internet can transcend boundaries, making any subject, including the 
meaning and relevance of the resources within America’s National Parks, accessible 
anywhere. 
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Chapter Three 
Procedures 
 The purpose of developing this curriculum was to utilize the Internet and 
educational technology to reach out, engage, and provide memorable and meaningful 
learning experiences regarding caves and karst topography to formal educators and their 
classrooms.  The curriculum originated from the desire of the interpretation and 
education division staff at Wind Cave National Park to create a distance learning 
experience centered on an electronic field trip.  While the curriculum was developed to 
meet the current programming needs of Wind Cave National Park’s staff it was designed 
with transferability in mind. 
Site Selection 
 The site selection for this project was due to a request by the interpretation and 
education division staff at Wind Cave National Park for assistance in the development of 
a new curriculum-based education program that would incorporate the Internet and 
distance learning to reach out to formal educators and their classrooms locally, nationally, 
and globally.  Established on January 9, 1903, Wind Cave National Park protects one of 
the longest, most complex caves in the world along with a mixed-grass prairie that is 
home to a variety of life.  It was the eighth national park created and the first set aside to 
protect and preserve a cave.  The two formal environmental education programs that have 
been presented at the park, Connections and Water in the Environment, have been offered 
in late April through mid-May.  Connections was designed for grades K-8 and has helped 
students discover the relationships between the mixed-grass prairie, the ponderosa pine 
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forest, the cave, the plants and animals that live in these environments, and themselves.  
Water in the Environment was a hydrology program designed for grades 6-12.  Park 
rangers and students followed the flow of water through watersheds, plants, soil, rock 
layers, and into the cave and investigated the critical issues surrounding water in our 
environment.  Both programs have supported national and South Dakota science 
standards and can be customized in cooperation with the formal classroom teacher to 
support classroom curriculum.  Reservations for these programs have typically begun 
March 1 and have filled within a few days.  More schools have wanted to participate in 
these programs than the existing staffing conditions have allowed.  The interpretation and 
education division staff at Wind Cave National Park has sought an additional program 
alternative in order to meet the growing demand for its current educational programs.  A 
new curriculum-based program that utilizes the Internet and distance learning would 
assist in meeting the needs of formal educators locally while also reaching out to 
classrooms at a distance. 
Curriculum Design 
 The curriculum for this project was designed using sound educational and 
environmental education practices to meet the programming needs of the interpretation 
and education division staff at Wind Cave National Park as well as other nonformal 
educators who teach about caves and karst topography.  The North American Association 
for Environmental Education’s Nonformal Environmental Education Programs: 
Guidelines for Excellence (2009) was used to guide the curriculum development process.  
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The steps for this curriculum development project, as well as the results outlined in 
Chapter Four, are described in the following sections. 
Needs Assessment 
 According to NAAEE (2009), nonformal environmental education (EE) programs 
should be designed to address identified environmental, educational, and community 
needs and to produce responsive, responsible benefits that address those identified needs.  
The completion of an informal needs assessment ensured that the developed curriculum 
met the current needs of the interpretation and education division staff at Wind Cave 
National Park and was used to guide the creation of individual lessons in the curriculum 
(i.e. target audience, alignment of academic standards, frequency and duration of lessons, 
lesson content, etc.).  The informal needs assessment took the form of e-mail 
correspondence, conference calls, and individual telephone conversations with the Chief 
of Interpretation, the Assistant Chief of Interpretation, and the Lead Interpretive Park 
Ranger at Wind Cave National Park. 
 The interpretation and education division staff at Wind Cave National Park 
suggested that the new curriculum be developed according to NPS program principles, be 
modeled after the two current educational programs available on-site, and incorporate 
existing cave/karst related lessons/activities if possible.  When appropriate the curriculum 
should reflect the mission of the NPS and incorporate the interpretive themes of Wind 
Cave National Park.  The staff expressed that their top priority was to use the Internet 
access available in several locations in Wind Cave to “bring the cave to the classroom”. 
An additional need for upper elementary and middle school programs was sought with 
   50 
 
the focus being earth science.  A decision to address national science standards instead of 
state science standards was made.  Infusing environmental education and educational 
technology throughout the curriculum was also desired. 
Development of Curriculum 
 Nonformal environmental education programs should support and complement 
their parent organization’s mission, purpose, and goals (NAAEE, 2009).  Therefore, the 
goal(s) of this curriculum included: 
1. To provide 5th through 8th grade students with an opportunity to explore the 
overarching questions: What are caves?; Where are caves located?; Why are 
caves important? 
2. To increase 5th-8th grade students’ science and technology skills by aligning with 
the National Science Education Standards and the International Society for 
Technology in Education’s Standards for Students (ISTE Standards*S). 
3. To encourage the development of a personal stewardship ethic and broaden 
support for preserving and protecting park resources, specifically caves, so they 
may be enjoyed by present and future generations. 
 The underlying philosophy of this curriculum was based on environmental 
education philosophies along with those of the National Park Service, both described in 
Chapter Two.  The curriculum emphasized a hands-on, experiential, student-centered 
approach to learning.  As with all NPS programs, it was informed by the latest research 
related to natural and cultural heritage and incorporated contemporary education research 
and scholarship on effective interpretive and educational methods. The curriculum linked 
   51 
 
the themes of Wind Cave National Park to national standards, addressed different 
learning styles, included an evaluation mechanism, and provided learning experiences 
that were linked directly to clear objectives.   
Development of Lesson Plans 
 During the 2011-2012 school year, a review of existing cave/karst related 
curriculum took place and a series of fourteen lessons were developed to create 
“Amazing Caves!”.  “Amazing Caves!” is a technology infused 5th-8th grade earth science 
curriculum that focuses on caves.  To maintain consistency during curriculum 
development, all of the lessons follow the same general layout. The expectation is that 
these lessons will be utilized by both formal and nonformal educators with varying 
degrees of knowledge about the subject matter.  As a result the lesson plans are intended 
to be as user friendly as possible.  The lessons may be taught consecutively or formal 
educators may choose to teach the individual lessons that best fit their classroom needs.   
 Each individual lesson is approximately 40 minutes in length.  The duration is 
based on the fact that most 5
th
-8
th
 grade class periods range from 40 to 50 minutes long.  
The learning outcomes in the curriculum are aligned with the current National Science 
Education Standards: 5
th
-8
th
 grade (National Research Council, 1996) and, where 
applicable, the current International Society for Technology in Education’s Standards for 
Students (ISTE, 2007).  The curriculum utilizes current popular and reputable educational 
technology as well as traditional classroom teaching methods.  If a formal educator does 
not have the educational technology available to them in order to complete an activity, 
other options are given.   Permission was received to use The Virtual Cave and the NSS 
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GEO2 Committee on Long and Deep Caves websites in the curriculum.   All of the 
hands-on experiments incorporated into the curriculum were field tested for desired 
results.  The final lesson, Take a Trip to a Cave!, offers the option of participating in a 
physical or electronic field trip to a cave.  The lesson plans and all related instructional 
materials are currently available on the Internet free of charge and can be located at: 
http://cavecurriculum.weebly.com/index.html.  
Evaluation 
 The “Amazing Caves!” curriculum was systematically reviewed by both formal 
and nonformal educators during June/July of 2012.  Two separate evaluation 
questionnaires were developed, one for formal educators and one for nonformal educators 
(See Appendix A).  These questionnaires were made available on the Internet and links to 
each were included on the “Comments/Feedback” webpage of the “Amazing Caves!” 
curriculum which can be located currently at: 
http://cavecurriculum.weebly.com/commentsfeedback.html.  
 Several formal educators with experience teaching the target audience in South 
Dakota, New Mexico, and Minnesota were contacted via email.  They were provided 
with the link to “Amazing Caves!” and asked to voluntarily review the curriculum.  The 
“Formal Educator Feedback” survey addressed the goals, objectives, materials, content, 
activities, and outcomes of each lesson as well as the overall usability of the entire 
curriculum (See Appendix A).  Reviewers were also asked to comment on their current 
use of educational technology in the classroom and if they would be interested in 
arranging and participating in an electronic field trip to a cave. 
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 Feedback from nonformal educators with knowledge about caves and karst 
topography and expertise specific to the National Park Service was also desired (See 
Appendix A).  The Chief of Interpretation, the Assistant Chief of Interpretation, and the 
Lead Interpretive Park Ranger at Wind Cave National Park were provided the link to 
“Amazing Caves!” and asked to review the curriculum.  To gain multiple perspectives on 
“Amazing Caves!”, the interpretation and education division staff at Carlsbad Caverns 
National Park located near Carlsbad, New Mexico were provided with the link to the 
curriculum as well.  Additionally, two separate 1 hour long training sessions were 
devoted to introducing “Amazing Caves!” to the Carlsbad Caverns National Park staff.  
During these sessions the staff received a brief overview of the curriculum, were 
introduced to several of the educational technology components used within the 
curriculum, and were able to participate in hands-on activities from several lessons.  The 
staff was asked to voluntarily provide feedback via the online survey.  The “Nonformal 
Educator Feedback” survey addressed the goals, objectives, materials, content, activities, 
and outcomes of each lesson as well as the overall usability of the entire curriculum.  
Reviewers were asked how they would use “Amazing Caves!” on-site and if their place 
of employment would be interested in hosting an electronic field trip with a formal 
classroom.  The feedback received from both formal and nonformal educators was used 
to help determine areas of strength within the curriculum and identify areas needing 
attention or improvement.  The curriculum was revised accordingly. 
 Due to limitations at the time, the curriculum was not pilot tested by the staff at 
Wind Cave National Park.  Additionally, the curriculum was not formally evaluated to 
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determine whether the overall goals for the curriculum and the student learning outcomes 
for each lesson were achieved.  Establishing whether the students develop a personal 
stewardship ethic and a greater understanding and appreciation for park resources, 
specifically caves, was outside the scope of this curriculum project. 
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Chapter Four 
Results 
 The purpose of this project was to develop a standards-based curriculum for the 
interpretation and education division staff at Wind Cave National Park that uses the 
Internet and educational technology to reach out, engage, and provide memorable and 
meaningful learning experiences focused on caves and karst topography to formal 
educators and their classrooms locally, nationally and internationally.  The North 
American Association for Environmental Education’s Nonformal Environmental 
Education Programs: Guidelines for Excellence (2009) was used to aid in the 
development of the curriculum. 
 Curriculum development was guided by information gathered through an informal 
needs assessment.  This assessment took the form of e-mail correspondence, conference 
calls, and individual telephone conversations with members of the interpretation and 
education staff at Wind Cave National Park.  Firsthand knowledge of the two formal 
environmental education programs currently offered at Wind Cave National Park, a 
review of a variety of other curriculums and lesson plans on the topic of caves and karst 
topography, and an extensive literature review helped establish the structure and design 
for developing the curriculum: Amazing Caves!. 
 Amazing Caves! is a technology infused 5
th
-8
th
 grade earth science curriculum that 
focuses on caves.  It consists of fourteen 40 minute lessons which address the National 
Science Education Standards: 5
th
-8
th
 grade (National Research Council, 1996) and, where 
applicable, the International Society for Technology in Education’s Standards for 
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Students (ISTE, 2007).  These standards are listed in each lesson plan.  The majority of 
the lessons incorporate current popular and reputable educational technology.  If a formal 
educator does not have access to these technologies alternative methods for instruction 
are given.  A list of materials required to successfully teach each lesson is included in 
each lesson plan.  Many of the complementary instructional materials were developed 
and are included with each lesson plan as well.  Amazing Caves! includes 
recommendations to formal educators for establishing a field trip, whether actual or 
virtual, to a cave.   
 After the completion of the curriculum it was made available on the Internet.  
Formal and nonformal educators were asked to voluntarily review Amazing Caves! and 
provide feedback by completing one of two online surveys (see Appendix A).  Three 
formal educators and eight nonformal educators reviewed the curriculum.  Overall the 
curriculum was well received and the feedback was positive from both groups of 
educators (see Appendices B & C).  
 Three formal educators provided their comments and feedback on Amazing 
Caves!.  Several other formal educators were initially contacted, however, for reasons 
unknown, their comments and feedback were not received.  The three formal educators 
who submitted their comments and feedback about the curriculum were in agreement that 
the format and structure of the instructional materials was interesting, appealing and easy 
to follow; the content was appropriate for the designated grade level/s; the lesson 
materials actively engage students to promote their understanding of the content; the time 
required to complete each lesson was accurate; and the curriculum’s alignment with 
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current national standards was accurate.  Each of the formal educators currently uses 
educational technology in their classroom and agreed that the educational technology 
used throughout the curriculum was appropriate in supporting the learning objectives and 
lesson content.  While the formal educators admitted to not currently devoting too much 
time to the topic of caves in the classroom, they were open to the possibility of 
incorporating several lessons from Amazing Caves! into their existing classroom 
curriculum and expressed an interest in arranging an electronic field trip to a cave for 
their students.  For specific feedback received from the formal educators see Appendix B. 
 Eight nonformal educators from Carlsbad Caverns National Park and Wind Cave 
National Park provided their comments and feedback about Amazing Caves!.  The 
consensus of the nonformal educators was that Amazing Caves! could be adopted and 
implemented in the current interpretation and education efforts, specifically programming 
for both on-site and off-site school groups.  Park Rangers from both parks expressed a 
desire to have the curriculum available on the park’s website and seventy-five percent 
responded that they would “absolutely” use the materials themselves.  Several 
respondents commented that the curriculum provided students the opportunity to learn 
about caves even if they were unable to physically visit a cave.  For specific feedback 
received from the nonformal educators see Appendix C. 
 Taking into account the comments and feedback received from both the formal 
and nonformal educators, minimal changes were made to curriculum.  The current 
version of the fourteen developed lessons and supporting materials comprising Amazing 
Caves! is found in Appendix D. 
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Chapter Five 
Summary 
 The final product of this project is an earth science curriculum comprised of 
fourteen lessons and corresponding educational materials for 5
th
-8
th
 grade students.  The 
curriculum is unique in that it utilizes current and reputable educational technology to 
engage and provide memorable learning experiences regarding caves and karst 
topography to formal educators and their classrooms.  The lessons are aligned with the 
current National Science Education Standards: 5
th
-8
th
 grade (National Research Council, 
1996) and, where applicable, the International Society for Technology in Education’s 
Standards for Students (ISTE, 2007).  The curriculum has three intended outcomes: 
1. To provide 5th through 8th grade students with an opportunity to explore the 
overarching questions: What are caves?; Where are caves located?; Why are 
caves important? 
2. To increase 5th-8th grade students’ science and technology skills by aligning with 
the National Science Education Standards and the International Society for 
Technology in Education’s Standards for Students. 
3. To encourage the development of a personal stewardship ethic and broaden 
support for preserving and protecting park resources, specifically caves, so they 
may be enjoyed by present and future generations. 
 Another distinct characteristic of the curriculum is that by being available on the 
Internet it assists nonformal educators in reaching out and establishing relationships with 
formal educators, specifically those at a distance.  The curriculum was developed to meet 
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the current educational programming needs of the interpretation and education division 
staff at Wind Cave National Park.  It was created with the intention for use by the staff at 
Wind Cave National Park, however it may easily be adapted for use at other nonformal 
education sites that educate about caves and karst topography. 
Reflection on the Process 
 In order to improve relevancy in the 21
st
 century the National Park Service is 
looking for new and innovative ways to reach out and engage visitors, specifically those 
who may never set foot inside a park’s boundaries.  The NPS has embraced the Internet 
and the World Wide Web as a valuable and effective tool and many sites within the 
national park system are adapting technology to enhance place-based learning in park 
settings and at a distance (USNPS, 2006).  Through an informal needs assessment the 
interpretation and education division staff at Wind Cave National Park expressed their 
desire to create a curriculum-based environmental education program that incorporated 
their ability to broadcast live over the Internet from several locations within Wind Cave.  
Existing literature supports the use of electronic field trips, also called virtual field trips, 
in formal classroom settings to enrich and augment actual field trips or to provide a 
virtual alternative when no actual field experience is possible (Cassady et al., 2008; 
Cassady & Mullen, 2006; Lacina, 2004; Klemm & Tuthill, 2003; Tuthill & Klemm, 
2002).  A review of current educational technology use within the National Park Service 
showed that much of what the NPS refers to as “distance learning” consists of an 
electronic field trip, either live or pre-recorded, with park rangers at a NPS site (National 
Park System Advisory Board, 2012; USNPS, n.d.).  These electronic field trips are park-
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based and aligned with state or national standards and include pre and post-visit 
activities.  While these educational experiences connect students with distant places and 
establish relationships between formal and nonformal educators, they cannot be 
considered a curriculum.  Field trips, whether traditional or virtual, have been shown to 
be most relevant and effective in classroom situations where the teacher and students use 
the field trip as an anchor for content by either connecting content with the upcoming 
event and/or making overt reference to the field trip experience in future learning 
activities (Cassady et al., 2008; Lacina, 2004: Klemm & Tuthill, 2003; Tuthill & Klemm, 
2002).  The decision was made to include a field trip as part of Amazing Caves! but to not 
have it be the focus of the curriculum.  If a formal educator and his/her students were 
unable to participate in such an event this should not take away from their overall 
educational experience. 
 During the informal needs assessment the interpretation and education division 
staff at Wind Cave National Park expressed a desire to incorporate the mission of the 
National Park Service and the interpretive themes of the park into the curriculum where 
appropriate.  In order to make Amazing Caves! transferable to other cave and karst related 
sites and to increase the likelihood of it being adapted and used by nonformal educators 
at these places the decision was made to not make the content of the curriculum specific 
to Wind Cave National Park or the National Park Service.  The intent was that when 
adopted by a site the nonformal educator/s would keep the overall integrity of the 
curriculum intact but alter the content of Amazing Caves! to be more site specific.  
Suggestions to adapt the curriculum to an individual site include infusing the natural and 
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cultural history specific to that site, where appropriate, and focusing on the specific 
geological processes which led to the creation of that particular cave/karst area.  
Nonformal educators are encouraged to highlight the uniqueness of their site and provide 
opportunities for formal educators and their students to connect intellectually and 
emotionally with the resources found there.  Adapting Amazing Caves! to be more site 
specific will allow the nonformal educator/s to better use the curriculum to support and 
complement their organization’s mission, purpose, and goals while providing audiences 
with the opportunity to experience and connect with their particular site.  This includes 
increasing the degree in which environmental education is infused into the curriculum if 
appropriate and also customizing the lessons to better meet the needs of individual formal 
classroom educators. 
 With the ConnectED Initiative, the increase in availability of computers and the 
Internet in formal K-12 education, and the growing popularity and use of a variety of 
educational technology by formal educators and their classrooms, it was considered vital 
to incorporate these aspects of 21
st
 century education and life into Amazing Caves!.  The 
International Society for Technology in Education (ISTE) has developed a series of 
education technology standards which have become recognized worldwide.  The ISTE 
Standards for Students are the standards for evaluating the skills and knowledge students 
need to learn effectively and live productively in an increasingly global and digital world 
(ISTE, 2007).  These standards are increasingly becoming adopted by school districts 
throughout the United States.  As a result it was imperative to design several of the 
lessons within Amazing Caves! to meet the ISTE Standards for Students.  The alignment 
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to several of the ISTE Standards for Students may increase the likelihood of formal 
educators using the lessons in their classrooms.   
 All of the technologies utilized in the development of the instructional materials 
for the curriculum and its dissemination on the Internet are currently being used by 
educators and are readily available.  The learning activities within the lesson plans that 
incorporate educational technology are written to be as easy to use as possible.  Formal 
educators who feel unprepared to use these technologies will hopefully be more at ease 
and will, therefore, include them in their instruction.  If a formal educator does not have 
access to the technologies or is uncomfortable with their use, alternative methods for 
instruction are given.  This allows for the lessons within the curriculum to be taught to 
their utmost potential regardless of the technical knowledge of the formal educator and 
their degree of access to educational technologies. 
 The reality of a formal educator devoting fourteen 40 minute lessons to teaching 
their students about caves is unlikely.  The informal needs assessment did not address a 
specified number of lessons to be included in the curriculum.  The number of lesson plans 
was based on what was considered necessary to accurately cover the most relevant 
subject matter pertaining to caves and karst topography after reviewing existing 
cave/karst related lessons/activities.  The three formal educators who reviewed the 
curriculum admitted to only discussing the topic of caves briefly, if at all, in their 
classrooms currently.  By aligning Amazing Caves! with the current National Science 
Education Standards: 5
th
 – 8th grade it will hopefully encourage formal educators to use 
the curriculum in their classrooms, specifically when teaching earth science.  While it 
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would be ideal to teach the lessons consecutively, formal educators have the ability to 
choose the individual lessons that best meet their specific instructional needs.  By 
developing and including the instructional materials needed to successfully implement 
each lesson in a classroom setting it is the hope that formal educators will be more likely 
to utilize Amazing Caves! in their classroom curriculum.  Access to Amazing Caves! via 
the Internet insures its availability to both formal and nonformal educators and increases 
the probability of it being utilized. 
Reflection on the Significance 
 Traditional field trips have long helped connect formal educators and their 
classrooms with nonformal learning environments such as museums, zoos, national 
parks, nature centers and other outdoor settings.  Well-planned visits to these places can 
provide direct learning experiences and add realism and relevancy to topics covered in 
the classroom (Klemm & Tuthill, 2003).  Traditional interpretive and educational 
programs within the National Park Service have been developed on the principle that 
when people interact firsthand with the tangible resources found within NPS sites they 
come to understand the meanings, concepts, stories, and relationships pertaining to these 
places better.  While a direct physical connection to America’s national parks is desired, 
it is not always feasible.  Through the use of the Internet and educational technology 
nonformal educators can help audiences who may never set foot inside a park’s 
boundaries understand the meaning and relevance of park resources.  These experiences, 
although virtual, can nurture peoples’ appreciation for parks and other special places, 
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therefore helping to preserve America’s heritage (National Park System Advisory Board, 
2012). 
 The Amazing Caves! curriculum is significant in that it can be used by nonformal 
educators to establish meaningful connections between formal educators and their 
classrooms and a specific site (i.e. Wind Cave National Park) via the Internet.  It is unlike 
other cave/karst related curricula as it incorporates a variety of different educational 
technologies in its delivery.  While it was developed to meet the educational 
programming needs of the interpretation and education division staff at Wind Cave 
National Park it is transferable to other nonformal learning environments and can easily 
be adapted and utilized by educators at these sites.  Amazing Caves! aids nonformal 
educators in fostering an awareness of caves and karst topography to audiences locally, 
nationally, and globally.  The curriculum strives to provide learners with a better 
understanding of the environmental concepts, conditions, and issues relating to caves and 
broaden support for preserving and protecting these fragile underground resources for the 
enjoyment of both present and future generations.    
Future Plans 
 Despite an effort to select reputable technology for use in Amazing Caves!, it was 
discovered upon the completion of this project that the National Atlas 
(http://www.nationalatlas.gov/) was being removed from service.  The National Atlas 
was an important component of the Amazing Caves! curriculum and integral to two of the 
lessons.  A new site will have to be found as a resource for these lessons and the lesson 
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plans affected will have to be revised accordingly. Efforts to maintain and keep the 
Amazing Caves! website and curriculum as current as possible should be made. 
 The goal of this project was to develop a standards-based curriculum for the 
interpretation and education division staff at Wind Cave National Park that incorporated 
the Internet and educational technology to connect with formal educators and their 
classrooms both locally and at a distance.  In an effort to increase the transferability of 
this curriculum, specific content relating to Wind Cave National Park and its associated 
interpretive themes were excluded.  To increase the likelihood of Amazing Caves! being 
successfully implemented at Wind Cave National Park the necessary actions can be taken 
to assist the staff in adapting the lesson plans to include content specific to Wind Cave.  
The inclusion of site specific material into the curriculum would provide opportunities for 
learners to connect intellectually and/or emotionally with the resources of Wind Cave 
National Park.  These connections can broaden support for preserving and protecting the 
resources found within Wind Cave National Park as well as cultivate support for other 
cave/karst areas, national parks, and other special places around the world.  When 
Amazing Caves! is incorporated into the educational programming at Wind Cave 
National Park the lessons can be formally pilot tested.  Once a pilot test is completed and 
feedback from formal educators and the staff at Wind Cave National Park is received, 
any necessary revisions can be made to the individual lesson plans as well as the overall 
curriculum.  Future steps may include conducting a formal summative evaluation, in 
which student learning outcomes and the extent to which the curriculum encouraged the 
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development of a personal stewardship ethic and broadened support for preserving and 
protecting park resources, specifically caves, is assessed. 
 Once the curriculum has been successfully established at Wind Cave National 
Park an effort to reach a larger audience and further disseminate the curriculum may be 
made.  Other National Park Service cave/karst sites, including Carlsbad Caverns National 
Park, can be notified about the curriculum and provided with the current Amazing Caves! 
website.  Assistance may be offered to help the nonformal educators at these sites 
establish the curriculum.  Guidance can be given to assure that the implementation is 
successful.  The Education Division of the National Speleological Society (NSS) can be 
contacted.  The NSS has promoted safe and responsible caving practices, effective cave 
and karst management, speleology, and conservation for over 70 years (NSS, n.d.).  
There are over 10,000 members and 250 grottos (chapters) which makes it the largest 
organization in the world dedicated to the exploration, study, and protection of caves.  
The current Education Division Chief, Environmental Education Committee Chairman, 
and Project Underground Representatives may be contacted.  Project Underground is a 
national education program on cave and karst science initially developed in 1993.  It was 
one of several curriculums reviewed during the development of Amazing Caves!.  
Additionally, the current Academic Director and Education Director at the National Cave 
and Karst Research Institute (NCKRI) can be contacted.  NCKRI is a non-profit 
government-supported institute, headquartered in the city of Carlsbad, New Mexico.  It 
was created by the United States Congress in 1998 to: 
1. Further the science of speolology; 
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2. Centralize and standardize speleological information; 
3. Foster interdisciplinary cooperation in cave and karst research programs; 
4. Promote public education; 
5. Promote national and international cooperation in protecting the environment for 
the benefit of cave and karst landforms; and 
6. Promote and develop environmentally sound and sustainable resource 
management practices.   (NCKRI, n.d.)  
The goal of NCKRI’s educational programs is to increase people’s perception, 
awareness, and knowledge of caves and karst.  Amazing Caves! can assist in meeting 
these goals 
Conclusion 
 Ideally, with the use of this curriculum, the interpretation and education division 
staff at Wind Cave National Park, nonformal educators, and formal educators can teach 
about caves whether the caves are local or at a distance.  Through the Internet and 
educational technology 5
th
- 8
th
 grade students will be able to explore a cave’s intricate 
passageways, dramatic formations, and exquisite scenery.  By working together, formal 
and nonformal educators can connect learners with the wildness and beauty of these 
remarkable underground treasures while increasing their science and technology skills.  
Knowledge of these fragile resources will hopefully lead to a sense of responsibility and 
the desire to take care of these amazing and unique places.  This sense of stewardship 
towards caves can be carried over toward other aspects of the environment and perhaps 
encourage individuals to investigate their more immediate natural surroundings. 
   68 
 
References 
 
Adcock, L., & Bolick, C. (2011). Web 2.0 tools and the evolving pedagogy of teacher 
 education. Contemporary Issues in Technology and Teacher Education, 11(2), 
 223-236. 
  
Athman, J., & Monroe, M. (2001). Elements of effective environmental education 
 programs.  In  A. J. Fedler (Ed.), Defining Best Practices in Fishing, Boating, and 
 Stewardship Education (pp. 37-48).  Washington, DC: Recreational Boating and 
 Fishing Foundation 
  
Barone, D., & Wright, T. (2008). Literacy instruction with digital and media 
 technologies. The Reading Teacher, 62(4), 292-302. doi: 10. 1598/RT.62.4.2 
 
Bartosh, O., Tudor, M., Ferguson, L., & Taylor, C. (2006). Improving test scores through 
 environmental education: Is it possible? Applied Environmental Education and 
 Communications, 5, 161-169. 
  
Brown, D., & Warschauer, M. (2006). From the University to the Elementary Classroom: 
 Students’ Experiences in Learning to Integrate Technology in Instruction. Journal 
 of Technology and Teacher Education, 14(3), 599-621.  
  
Cassady, J. C., Kozlowski, A. G., & Kornmann, M. (2008). Electronic field trips as 
interactive learning events: Promoting student learning at a distance. Journal of 
Interactive Learning Research, 19(3), 439–454. 
  
Cassady, J.C., & Mullen, L. (2006). Reconceptualizing electronic field trips: a Deweyian 
perspective. Learning, Media, and Technology, 31(2), 149-161. 
  
ConnectED Initiative. (n.d.). Retrieved May 9, 2014, from 
http://www.whitehouse.gov/issues/education/k-12/connected  
  
ConnectED: Learning powered by technology. (n.d.). Retrieved May 9, 2014, from 
http://www.ed.gov/connected  
  
Culatta, R. (2013, June 7). Closing the broadband gap for students and teachers. 
 Message posted to http://www.ed.gov/blog/2013/06/closing-the-broadband-gap-
 for-students-and-teachers/  
  
Duplichan, S. (2009). Using web logs in the science classroom. Science Scope, 33(2),  
 33-37. 
  
 
   69 
 
Environmental Education & Training Partnership (EETAP). (2004, May). How 
 environmental education is used in schools. EETAP Resource Library,  
 Number 120. 
  
Elder, J. L. (2003). A field guide to environmental literacy: Making strategic investments 
 in environmental education. Washington, DC: Environmental Education 
 Coalition. 
  
Ernst, J. (2007). Factors associated with K-12 Teachers’ use of environment-based 
 education. Journal of Environmental Education, 38(3), 15-31. 
 
Gray, L., Thomas, N., & Lewis, L. (2010a). Educational technology in U.S. public 
 schools: Fall 2008. U.S. Department of Education, National Center for Education 
 Statistics. Washington, DC: U.S. Government Printing Office. 
  
Gray, L., Thomas, N., & Lewis, L. (2010b). Teacher’s use of educational technology in 
 U.S. public schools: 2009. National Center for Education Statistics, Institute of 
 Education Sciences, U.S. Department of Education. Washington, DC. 
  
Groff, J., & Mouza, C. (2008). A framework for addressing challenges to classroom 
 technology use. Association for the Advancement of Computing in Education 
 Journal, 16(1), 21-46. 
  
Hazari, S., North, A., & Moreland, D. (2009). Investigating pedagogical value of wiki 
 technology. Journal of Information System Education, 20(2), 187-198.  
  
Hernández-Ramos, P., & De La Paz, S.(2009). Learning history in middle school by 
 designing multimedia in a project-based learning experience. Journal of Research 
 on Technology in Education, 42(2), 151-173. 
 
Hofer, M., & Swan, K. (2008). Technological pedagogical content knowledge in action: 
 A case  study of a middle school digital documentary project. Journal of Research 
 on Technology in Education, 41(2), 179-200. 
  
Hollweg, K. S., Taylor, J. R., Bybee, R. W., Marcinkowski, T. J., McBeth, W. C., & 
 Zoido, P. (2011). Developing a framework for assessing environmental literacy. 
 Washington, DC: North American Association for Environmental Education 
 
Inan, F. A., & Lowther, D. L. (2010). Factors affecting technology integration in K-12 
 classrooms: a path model.  Educational Technology Research and Development, 
 58(2), 137-154. doi: 10.1007/s11423-009-9132-y  
  
Independent Commission on Environmental Education (ICEE). (1997). Are We Building 
 Environmental Literacy? Washington, DC: ICEE.  
   70 
 
International Society for Technology in Education (ISTE). (2007). ISTE Standards for 
 Students. Retrieved June 20, 2014 from http://www.iste.org/standards/standards-
 for-students  
  
Kidd, T. (2009). The dragon in the school’s backyard: A review of literature on the uses 
 of technology in urban schools. International Journal of Information and 
 Communication Technology Education, 5(1), 88-102. 
  
Klemm, E. B., & Tuthill, G. (2003). Virtual field trips: Best practices. International 
 Journal of Instructional Media, 30(2), 177-193. 
 
Lacina, J. G. (2004). Designing a virtual field trip. Childhood Education, 80(4), 
 221-222. 
  
Mun oz, C.,  Sperling, G. (2013, June 6). Bringing America’s students into the digital 
 age. Message posted to  http://www.whitehouse.gov/blog/2013/06/06/bringing-
 america-s-students-digital-age 
  
National Association for Interpretation (NAI). (n.d.). Definitions Project. Retrieved 
 August 30, 2014, from http://www.definitionsproject.com/definitions/index.cfm  
  
National Cave and Karst Research Institute (NCKRI). (n.d.). Retrieved August 30, 2014 
 from http://nckri.org/  
  
National Education Association (NEA). (2008). Technology in schools: The ongoing 
 challenge of access, adequacy and equity. Retrieved from 
 http://www.nea.org/home/36073.htm  
  
National Park System Advisory Board. (2001). Rethinking the national parks for the 21
st
 
 century. Wilmington, MA: Quebecor World Acme Printing. 
  
National Park System Advisory Board. (2012). National park system advisory board:  
 Education committee - Technology subcommittee white paper. Washington DC: 
 United States Department of the Interior. 
  
National Research Council. (1996). National Science Education Standards: Observe, 
interact, chance, learn. Washington DC: National Academy Press. 
  
The National Speleological Society (NSS). (n.d.). Retrieved August 30, 2014 from 
 http://caves.org/  
  
North American Association for Environmental Education (NAAEE). (2004).  
 Environmental education materials: Guidelines for excellence. Washington, DC: 
 NAAEE Publications.  
   71 
 
North American Association for Environmental Education (NAAEE).  (2009).  
 Nonformal environmental education programs: Guidelines for excellence. 
 Washington, DC: NAAEE Publications. 
 
North American Association for Environmental Education (NAAEE). (2010). Excellence 
 in environmental education: Guidelines for learning (K-12). Washington, DC: 
 NAAEE Publications.  
  
Stainfield, J., Fisher, P., Ford, B., & Solem, M. (2000). International virtual field trips: 
 a new direction? Journal of Geography in Higher Education,. 24(2), 255-262. 
 
Scheuerell, S. (2010). Virtual Warrensburg: Using cooperative learning and the internet 
 in the social studies classroom. The Social Studies, 101, 194-199.  
 doi: 10.1080/00377990903493861 
  
Stapp, W.B. (1969). The concept of environmental education. In H. Hungerford, W. 
 Bluhm, & T. Volk, & J. Ramsey (Eds.), Essential readings in environmental 
 education (3
rd
 ed., pp. 33-36). Champaign, IL: Stripes Publishing L.L.C. 
  
Stevenson, S. (2001). Discover and create your own field trip.  Multimedia Schools, 8(4), 
 40-45. 
  
Tuthill, G., & Klemm, E. B. (2002). Virtual field trips: Alternatives to actual field 
 trips. International Journal of Instructional Media, 29(4), 453-468. 
 
UNESCO-UNEP. (1976). The Belgrade charter. Connect: UNESCO-UNEP 
 Environmental Education Newsletter, 1(1), 1-2. 
  
UNESCO. (1978). Final report intergovernmental conference on environmental 
 education. Organized by UNESCO in Cooperation with UNEP, Tbilisi, USSR, 
 14-16 October 1977.  Paris: UNESCO ED/MD/49. 
  
U.S. Department of Education, Office of Technology. (2010). Transforming American 
 education: Learning powered by technology. Washington, DC: Author. 
 
U.S. Department of the Interior. (2010). Social media policy. Retrieved from 
 http://www.doi.gov/notices/Social-Media-Policy.cfm  
  
U.S. National Park Service (USNPS). (2005). Director’soOrder #6: Interpretation and 
 education. Retrieved from the National Park Service Office of Policy, 
 Washington, DC, at http://www.nps.gov/policy/DOrders/DOrder6.html  
  
   72 
 
U.S. National Park Service (USNPS). (2006). Management policies 2006. Retrieved 
 from the National Park Service Office of Policy, Washington, DC, at 
 http://www.nps.gov/policy/mp/Index2006.htm  
  
U. S. National Park Service (USNPS). (n.d.). Education technology at NPS. Retrieved 
 from http://www.nps.gov/hfc/services/education/  
  
U.S. National Park Service Interpretation & Education Program. (2006). Interpretation 
 and education renaissance action plan. Washington DC: Author. 
  
Wiggins, G., & McTighe, J. (2005). Understanding by design (2
nd
 Ed.). Alexandria, VA: 
 Association for Supervision Curriculum Development. 
  
The White House. (n.d.). ConnectED: President Obama’s plan for connecting all schools 
 to the digital age. Retrieved May 9, 2014 from http://www.ed.gov/connected 
  
The White House, Office of the Press Secretary. (2013, June, 6). Remarks by the 
 President at Mooresville Middle School – Mooresville, NC. Retrieved May 9, 
 2014 from http://www.whitehouse.gov/the-press-office/2013/06/06/remarks-
 president-mooresville-middle-school-mooresville-nc/  
 
The White House, Office of the Press Secretary. (2014, February 4). Fact sheet: 
 Opportunity for all – Answering the President’s call to enrich American 
 education through ConnectED. Retrieved May 9, 2014 from 
 http://www.whitehouse.gov/the-press-office/2014/02/04/fact-sheet-opportunity-
 all-answering-president-s-call-enrich-american-ed  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   73 
 
Appendix A 
Educator Comments/Feedback Website & Surveys 
Comments/Feedback page:             
http://cavecurriculum.weebly.com/commentsfeedback.html 
 
 
Comments & Feedback 
 
Your comments and feedback are very important.   
We would greatly appreciate you taking a few minutes to tell us  
what you think about “Amazing Caves!”  
 
If you are a formal educator (e.g. classroom teacher)  
please click on the link below to take the short 10 question survey: 
                      http://www.surveymonkey.com/s/XYCYZMD               
 
If you are a non-formal educator (e.g. park ranger, naturalist, docent, etc)  
please click on the link below to take the short 10 question survey: 
http://www.surveymonkey.com/s/T38MKM8  
 
Your thoughts about “Amazing Caves!” will help us improve the 
curriculum for future users.   
 
Thank you so much for your time! 
Sincerely, 
Noelle J. Grunwald 
University of Minnesota Duluth 
Master of Education Candidate - Environmental Education 
grun0260@d.umn.edu 
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Formal Educator Feedback Survey 
http://www.surveymonkey.com/s/XYCYZMD  
 
1. Educator Information (required) 
a. Name 
b. Grade Level/s Taught 
c. School 
d. City/Town 
e. State 
f. Email Address 
 
2. Briefly comment on the strengths of the materials. 
 
3. Briefly comment on the weaknesses of the materials. 
 
4. Would you use the materials in your classroom? 
a. Absolutely 
b. Probably 
c. Maybe 
d. Not likely 
e. No chance 
 
5. What lesson/s would you most likely use in your classroom?  Please check all that 
apply. 
a. Lesson 1 – Caves: Earth’s Underground Treasures 
b. Lesson 2 – Caves of the United States 
c. Lesson 3 – Geo Detectives 
d. Lesson 4 – Rocks Rock! 
e. Lesson 5 – Disappearing Rocks 
f. Lesson 6 – Making Carbonic Acid 
g. Lesson 7 – Create a Cave 
h. Lesson 8 – Dripping Crystals 
i. Lesson 9 – Speleothem Sleuth 
j. Lesson 10 – Cave Critters 
k. Lesson 11 – People & Caves 
l. Lesson 12 – Let’s Go Caving! 
m. Lesson 13 – Are There Caves Near You? 
n. Lesson 14 – Take a Trip to a Cave! 
 
6. Please rate the following as strongly disagree, disagree, neutral, agree or strongly 
agree: 
a. The format and structure of the instructional materials is interesting, 
appealing, and easy to follow. 
b. The curriculum’s alignment with the current national standards is accurate. 
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c. The lesson content is appropriate for the designated grade level/s. 
d. The lesson materials actively engage the students to promote their 
understanding of the content. 
e. The educational technology used throughout the curriculum is appropriate in 
supporting the learning objectives and lesson content. 
f. The time required to complete each lesson is accurate. 
 
7. Do you currently use educational technology in your classroom? 
a. Yes 
b. No 
 
8. How much time do you currently devote to the topic of caves in your classroom? 
 
9. Would you be interested in arranging a “virtual field trip” with education staff from a 
cave site via a videoconference or Skype? 
a. Yes 
b. No 
c. Maybe 
 
10. Additional Comments: 
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Nonformal Educator Feedback Survey 
http://www.surveymonkey.com/s/T38MKM8 
 
1. Educator Information (required) 
a. Name 
b. Job title 
c. Place of employment  
d. City/Town 
e. State 
f. Email Address 
 
2. Briefly comment on the strengths of the materials. 
 
3. Briefly comment on the weaknesses of the materials. 
 
4. Would you use the materials at your place of employment? 
a. Absolutely 
b. Probably 
c. Maybe  
d. Not likely 
e. No chance 
 
5. How would your place of employment most likely use the curriculum materials?  
Please check all that apply. 
a. On-site programming for the general public 
b. On-site programming for school groups 
c. Off-site programming for the general public 
d. Off-site programming for school groups 
e. Other (please specify) 
 
6. What lesson/s are most relevant to your place of employment?  Please check all that 
apply. 
a. Lesson 1 – Caves: Earth’s Underground Treasures 
b. Lesson 2 – Caves of the United States 
c. Lesson 3 – Geo Detectives 
d. Lesson 4 – Rocks Rock! 
e. Lesson 5 – Disappearing Rocks 
f. Lesson 6 – Making Carbonic Acid 
g. Lesson 7 – Create a Cave 
h. Lesson 8 – Dripping Crystals 
i. Lesson 9 – Speleothem Sleuths 
j. Lesson 10 – Cave Critters 
k. Lesson 11 – People & Caves 
l. Lesson 12 – Let’s Go Caving! 
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m. Lesson 13 – Are There Caves Near You? 
n. Lesson 14 – Take a Trip to a Cave! 
 
7. Would your place of employment be willing to promote the curriculum to 5th-8th 
grade teachers? 
a. Yes 
b. No 
c. Maybe 
 
8. Would your place of employment be willing to provide the curriculum content of a 
link to the curriculum on your site’s webpage? 
a. Yes 
b. No 
c. Maybe 
 
9. Would your place of employment be interested in hosting a “virtual field trip” with a 
5
th
-8
th
 grade classroom via a videoconference or Skype? 
a. Yes 
b. No 
c. Maybe 
 
10. Additional Comments: 
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Appendix B 
 
Formal Educator Feedback Survey Results 
http://www.surveymonkey.com/s/XYCYZMD 
 
 Educator Information (required) 
 T: 5th; An elementary school in South Dakota 
 E: K,1,3,6,7,8; A school in New Mexico 
 L: 8th; A middle school in Minnesota 
 
 Briefly comment on the strengths of the materials. 
 T: Looks fairly easy to use.  Lets students discover learning on their own. 
 E: I really like how you are integrating technology with your lessons.  I like the 
step-by-step procedures you list and also enjoy the examples of what it should 
look like on the internet site.  Those are very useful for teachers who need 
“visual” to help them navigate through internet sites.  I like how you have the 
links to sites that needs to be accessed; it makes it so easy to follow the lesson. It 
was all very interesting.  I also enjoyed the PDF files listed at the bottom of the 
lesson plans, in case teachers need to print up the lesson and/or items needed to go 
along with activity.  I really enjoyed your curriculum.  That was an awesome job. 
 L: It’s very comprehensive.  It has a lot of resources with it.  It looks adaptable to 
several grade levels.  These are lessons already developed that would not require a 
lot of time for me to develop.  Easy to pick and choose from the various topics. 
 
 Briefly comment on the weaknesses of the materials. 
 T: No response. 
 E: I couldn’t find any. 
 L: For me the technology is the stumbling block.  That would be the 
frustrating/time consuming part for me.  I would not have enough space in my 
curriculum for all of the lessons.  That’s why it is nice to be able to pick and 
choose. 
 
 Would you use the materials in your classroom? 
 Absolutely: L 
 Maybe: T, E 
 
 What lesson/s would you most likely use in your classroom?  Please check all that 
apply. 
 Lesson 1 – Caves: Earth’s Underground Treasures: E, L 
 Lesson 2 – Caves of the United States: T, L 
 Lesson 3 – Geo Detectives: L 
 Lesson 4 – Rocks Rock!: T, E 
 Lesson 7 – Create a Cave: T 
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 Lesson 10 – Cave Critters: T, E 
 Lesson 11 – People & Caves: T 
 Lesson 12 – Let’s Go Caving!: T 
 Lesson 13 – Are There Caves Near You?: T 
 Lesson 14 – Take a Trip to a Cave!: T, E, L 
 
 Please rate the following as strongly disagree, disagree, neutral, agree or strongly 
agree: 
 The format and structure of the instructional materials is interesting, 
appealing, and easy to follow.  
 Strongly agree: E 
 Agree: T, L 
 
 The curriculum’s alignment with the current national standards is accurate. 
 Strongly agree: E, L 
 Agree: T 
 
 The lesson content is appropriate for the designated grade level/s. 
 Strongly agree: E 
 Agree: L 
 Neutral: T 
 
 The lesson materials actively engage the students to promote their 
understanding of the content. 
 Strongly agree: E 
 Agree: T, L 
 
 The educational technology used throughout the curriculum is appropriate in 
supporting the learning objectives and lesson content. 
 Strongly agree: E 
 Agree: L 
 Neutral: T 
 
 The time required to complete each lesson is accurate. 
 Agree: T, E, L 
 
 Do you currently use educational technology in your classroom? 
 Yes: T, E, L 
 
 How much time do you currently devote to the topic of caves in your classroom? 
 T: Not much 
 E: None 
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 L: Only in passing and a brief explanation of the karst topography in southeastern 
Minnesota including the latest fossil finds in one of them. 
 
 Would you be interested in arranging a “virtual field trip” with education staff from a 
cave site via a videoconference or Skype? 
 Maybe: T, E, L 
 
 Additional Comments: 
 T: Looks like you spent a lot of time and energy into creating this and I think it 
could be a good tool to use. 
 E: Because I currently teach Kindergarten students, it would be a little difficult to 
adjust these lessons for their level.  But when I was a 6
th
 grade science teacher, 
these would have been so useful for me and I could see myself using them. 
 L: Nicely arranged and teacher friendly. 
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Appendix C 
 
Nonformal Educator Feedback Survey Results 
http://www.surveymonkey.com/s/T38MKM8 
 
1. Educator Information (required) 
 M: National Park with a cave 
 A: National Park with a cave 
 D: National Park with a cave 
 V: National Park with a cave 
 E: National Park with a cave 
 B: National Park with a cave 
 H: National Park with a cave 
 L: National Park with a cave 
 
2. Briefly comment on the strengths of the materials. 
 M: I loved how you gave an overall lesson plan for not only easy tasks but more 
challenging.  It was very easy to navigate through the website and your site made 
me really want to come back and learn about caves! 
 A: Very well thought out, thorough, complete, easy to follow, interesting and in a 
way that you the average person can understand. 
 D: This curriculum is great because it gives students the opportunity to learn 
about caves regardless of their financial situation.  Many schools may not have 
the funding to go on a field trip and see a cave in person.  This site gives 
information on how to conduct a virtual field trip if necessary and provides a great 
way to bring the world of caves directly to the classroom.  The lessons are put 
together well and progression from one lesson to another is organized in the 
appropriate manner.  The experiments given in each lesson are ideal for the age 
group in which the curriculum was designed and will undoubtedly enhance the 
student’s interest.  I’ve very much liked the layout of lesson 12 and was glad to 
see a link to the NSS website so students can find caving opportunities in their 
areas. 
 V: Enjoyed the activities that were hands on and gave children the opportunity to 
see the changes.  Lessons #6,7,8.  Also enjoyed the concept activities: #10, 12, 14.  
Anytime you get children out of a classroom and into a new setting I think it’s an 
excellent opportunity to excite them into learning. 
 E: Lots of different activities makes the program strong.   
 B: Excellent integration of computer and internet use with lessons.  The 
curriculum emphasizes scientific exploration but doesn’t neglect reading and art 
projects to reinforce the scientific principles.  Teachers can pick and choose 
which lessons they wish to use.  Lessons are very user-friendly with easy 
navigation and links to all required materials.  Students do not need ready access 
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to a cave to enjoy and benefit from the lessons.  On the other hand, the lessons 
will strongly support a field trip to a local cave. 
 H: These materials are fabulous.  You have put great thought into the lessons, 
they seem to flow from one lesson to another, but can easily be done as stand 
alone lessons.  They are very well organized and consistent throughout.  You have 
very good activities for the kids to do from playing games to drawing which will 
hit the different learning styles and strengths of the students.  It is obvious that 
you have put a lot of work into this project.  VERY WELL DONE! 
 L: I thought the material was well presented.  I think the topics of geology, rocks, 
cave formation, speleothems, and cave life were covered very well.  I think the 
addition of the human element was also well covered, including caving safely and 
softly.  I think the program showed a lot of thought and research.  It combines 
many ideas and creates a series of lessons that helps teachers, who may be 
unfamiliar with caves, understand the concepts thoroughly. 
 
3. Briefly comment on the weaknesses of the materials. 
 M: The only thing that might be something to think about is a few more pictures 
and/or color, other than that FANTASTIC! 
 A: Some of the PDF files are the same as the webpage, so you really just need to 
attach the PDF.  However, I can see where you might lose some folks if you don’t 
put it on the webpage also. 
 D: Planning a field trip or videoconference could be time consuming.  Lesson 14 
could possibly have a list of movies dealing with caves.  There are a lot of films 
available online, such as 360 degrees of Lechuguilla Cave or Mammoth Cave 
Virtual Tour.  Although films are not ideal, it may benefit a teacher with time 
constraints.  I did not see anything related to White-Nose Syndrome (not saying it 
isn’t there).  Perhaps providing more information on WNS would be a good idea. 
 V: Lesson #1, the intro with the Wordles didn’t get me all that excited.  I’m not 
sure that older children would be that interested.  Lesson #3 might not hold 
children’s interest.  Perhaps allowing them to choose a location, or country would 
help.  Thought on lesson #13, it might make for a great geography lesson, but that 
idea wasn’t touched upon. 
 E: Some of the activities might not fit all that well into most schools curriculum. 
 B: Unless a teacher is doing a complete unit on caving, many of the lessons will 
not be used. 
 H: I saw none! 
 L: I saw none. 
 
4. Would you use the materials at your place of employment? 
 Absolutely: M, D, E, B, H, L 
 Probably: A, V 
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5. How would your place of employment most likely use the curriculum materials?  
Please check all that apply. 
a. On-site programming for the general public: M, A, H 
b. On-site programming for school groups: M; C, D, V, E, B, H 
c. Off-site programming for the general public: A 
d. Off-site programming for school groups: M, A, V, B, H 
e. Other (please specify) 
 A: off-site programs as well and home schooling 
 H: With permission these lessons could be put on our website??? 
 L: I would recommend the site to teachers as a pre-visit series of 
activities and I would connect the whole program to Wind Cave 
National Park’s website. 
 
6. What lesson/s are most relevant to your place of employment?  Please check all that 
apply. 
a. Lesson 1 – Caves: Earth’s Underground Treasures: M, A, D, V, B, H 
b. Lesson 2 – Caves of the United States: A, V, B, H 
c. Lesson 3 – Geo Detectives: M, A, D, V, H 
d. Lesson 4 – Rocks Rock!: A, D, V, H, L 
e. Lesson 5 – Disappearing Rocks: M, A, D, V, E, H, L 
f. Lesson 6 – Making Carbonic Acid: A, V, E, H 
g. Lesson 7 – Create a Cave: A, D, V, E, H, L 
h. Lesson 8 – Dripping Crystals: A, D, V, E, H, L 
i. Lesson 9 – Speleothem Sleuths: M, A, D, V, B, H, L 
j. Lesson 10 – Cave Critters; M, A, D, V, B, H 
k. Lesson 11 – People & Caves: A, D, V, B, H 
l. Lesson 12 – Let’s Go Caving!: M, A, D, V, B, H 
m. Lesson 13 – Are There Caves Near You?: A, D, V, H 
n. Lesson 14 – Take a Trip to a Cave!: M, A, D, V, B 
 
7. Would your place of employment be willing to promote the curriculum to 5th-8th 
grade teachers? 
 Yes: M, D, E, H, 
 Maybe: A, V, B, L 
 
8. Would your place of employment be willing to provide the curriculum content of a 
link to the curriculum on your site’s webpage? 
 Yes: M, H, L 
 Maybe: A, D, V, E, B 
 
9. Would your place of employment be interested in hosting a “virtual field trip” with a 
5
th
-8
th
 grade classroom via a videoconference or Skype? 
 Yes: M 
 Maybe: A, D, V, E, B, H, L 
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10. Additional Comments 
 M: Noelle, you did an awesome job and I feel that it is something that CAVE 
should look into as a resource for educational purposes because students are the 
future of how this park is taken care of! 
 A: I hope that our Chief [of Interpretation] or Education Specialist do want to 
incorporate this information on our park website and the education/outreach 
program. 
 D: You can tell a lot of thought and time has been put into this curriculum.  I’m 
glad to know this resource is available to me if I need it. 
 V: Thought there were some great ideas in the curriculum.  Obviously a lot of 
time and effort was put into the activities which could give students a great 
understanding of caves, creation of them, and the environments within the cave 
system.  There are a wide variety of activities which could appeal to different 
levels of student’s abilities as well as age groups. 
 E: No response. 
 B: I have answered the questions as a current park guide.  As a former teacher, I 
would have definitely used the lessons when preparing for a cave field trip or as 
part of a geology unit.  Good job, Noelle.  I am very impressed with the entire 
package. 
 H: I would love to use all of these activities and lessons.  Would need more 
information on how to host a “virtual field trip’ but would love to explore that 
outlet.  Great materials! 
 L: Nice job Noelle. 
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Home page:  
http://cavecurriculum.weebly.com/index.html  
 
 
Amazing Caves! 
 
There is a fantastic world hidden beneath the surface of the Earth.   
It is the eerie home of creatures that never see the light of day.   
It is a world of beautiful crystals and weirdly shaped rocks,  
twisting tunnels and vast domed rooms.   
It is a dark, silent world.   
It is the world of caves. 
 
You are invited to explore this fascinating underground world with your students.  
“Amazing Caves!” is a technology infused earth science curriculum designed for  
 5th – 8th grade.  It consists of 14 lessons which can be completed consecutively or 
choose the lessons that best fit your classroom needs.  The lessons include  
hands-on experiments and activities as well as a variety educational technology 
components and are written to meet both the National Science Education Standards 
and the International Society for Technology in Education (ISTE) Standards for Students.   
 
The lessons include: 
 
Lesson 1 – Caves: Earth’s Underground Treasures 
This lesson introduces students to caves. 
 
Lesson 2 – Caves of the United States 
Students will become familiar with some of the longest caves in the United States. 
 
Lesson 3 – Geo Detectives 
Students will use geologic maps to determine what rock types caves are located in. 
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Lesson 4 – Rocks Rock! 
Students will become familiar with rocks, minerals, and be introduced to the rock cycle. 
 
Lesson 5 – Disappearing Rocks 
Students will examine limestone and perform a “Bubble Test”. 
 
Lesson 6 – Making Carbonic Acid 
Students will become familiar with the concepts of acidity, alkalinity, and pH.  They will 
demonstrate how carbonic acid is formed and describe how it can dissolve limestone 
and create caves. 
 
Lesson 7 – Create a Cave 
In this lesson students will create a model to demonstrate how caves form. 
 
Lesson 8 – Dripping Crystals 
This lesson will introduce students to cave formations, also known as speleothems, and 
the basic process in which they form. 
 
Lesson 9 – Speleothem Sleuths 
There are many types of speleothems found in caves besides stalactites and stalagmites.  
In this lesson students will individually research a specific type of speleothem and then 
creatively share their knowledge with their classmates. 
 
Lesson 10 – Cave Critters 
Students will learn that caves provide suitable habitat for wildlife species and that the 
animals found within caves have a variety of adaptations that allow them to survive in 
such a unique environment. 
 
Lesson 11 – People & Caves 
This lesson summarizes the many ways that humans have used caves historically as well 
as their current uses.  Students are able to create their own cave art  
as an optional activity. 
 
Lesson 12 – Let’s Go Caving! 
In this lesson students will become familiar with the proper gear/equipment and skills 
required to participate in the responsible exploration of caves. 
 
 
 
Lesson 13 – Are There Caves Near You? 
Students will investigate whether or not there are caves located near where they live/go 
to school. 
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Lesson 14 – Take a Trip to a Cave! 
Students will participate in either a physical field trip or a virtual field trip to a cave. 
 
For a more detailed list of the lesson descriptions, objectives, standards addressed, 
and time requirement see the attachment below. 
 
Have fun exploring the fascinating underground world of caves! 
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Lesson Plans page 
http://cavecurriculum.weebly.com/lesson-plans.html  
 
 
Amazing Caves! 
Complete the lessons below consecutively or choose the lessons that best 
fit your classroom needs. 
Click on the lesson title or use the drop down menu above 
to select a lesson plan. 
 
Lesson 1 – Caves: Earth’s Underground Treasures 
This lesson introduces students to caves. 
 
Lesson 2 – Caves of the United States 
Students will become familiar with some of the longest caves in the United States. 
 
Lesson 3 – Geo Detectives 
Students will use geologic maps to determine what rock types caves are located in. 
 
Lesson 4 – Rocks Rock! 
Students will become familiar with rocks, minerals, and be introduced to the rock cycle. 
 
Lesson 5 – Disappearing Rocks 
Students will examine limestone and perform a “Bubble Test”. 
 
Lesson 6 – Making Carbonic Acid 
Students will become familiar with the concepts of acidity, alkalinity, and pH.  They will 
demonstrate how carbonic acid is formed and describe how it can dissolve limestone 
and create caves. 
 
Lesson 7 – Create a Cave 
In this lesson students will create a model to demonstrate how caves form. 
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Lesson 8 – Dripping Crystals 
This lesson will introduce students to cave formations, also known as speleothems, and 
the basic process in which they form. 
 
Lesson 9 – Speleothem Sleuths 
There are many types of speleothems found in caves besides stalactites and stalagmites.  
In this lesson students will individually research a specific type of speleothem and then 
creatively share their knowledge with their classmates. 
 
Lesson 10 – Cave Critters 
Students will learn that caves provide suitable habitat for wildlife species and that the 
animals found within caves have a variety of adaptations that allow them to survive in 
such a unique environment. 
 
Lesson 11 – People & Caves 
This lesson summarizes the many ways that humans have used caves historically as well 
as their current uses.  Students are able to create their own cave art  
as an optional activity. 
 
Lesson 12 – Let’s Go Caving! 
In this lesson students will become familiar with the proper gear/equipment and skills 
required to participate in the responsible exploration of caves. 
 
Lesson 13 – Are There Caves Near You? 
Students will investigate whether or not there are caves located near where they live/go 
to school. 
 
Lesson 14 – Take a Trip to a Cave! 
Students will participate in either a physical field trip or a virtual field trip to a cave. 
 
For a more detailed list of the lesson descriptions, objectives, standards addressed, 
and time requirement see the attachment below. 
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Amazing Caves! 
Detailed Lesson Information 
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Lesson 1 – Caves: Earth’s Underground Treasures 
http://cavecurriculum.weebly.com/lesson-1---caves-earths-underground-treasures.html  
 
 
Lesson 1 – Caves: Earth’s Underground Treasures 
 
Lesson Overview: 
This lesson introduces students to caves. 
 
Objectives:  
Students will be able to: 
1. Define the terms “cave” and “speleology”. 
2. List at least 2 different types of caves. 
 
Standards Addressed:  
National Science Education Standards: 5th-8th grade 
 Content Standard D: Earth and Space Science 
International Society for Technology in Education Standards for Students: 
 Creativity and Innovation 
 Technology Operations and Concepts 
 
Duration of Lesson/Time Requirement: 40 minutes; Additional class time may be 
required for creation of student “wordles” 
 
Materials Required: 
Pictures of caves 
Various art supplies (optional) 
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
Several classroom computers with Internet connection for student use 
Wordle (http://www.wordle.net/)  
YouTube (http://youtu.be/hXKYQXwt8n0) 
Microsoft PowerPoint  
Survey Monkey (http://www.surveymonkey.com/)  
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Procedure: 
Introduction 
Display a picture of a cave and/or write the word “cave” for the students to see.  Ask the 
students if they know what a cave is.  Ask the students if any of them have ever visited a 
cave before?  Where?  When?  What was it like?   
 
Tell the students that caves have captured the imaginations of people for hundreds and 
even thousands of years.  Tell the students that as a class they are going to spend some 
time learning about caves and what amazing and unique places they are. 
 
Activity #1 
Ask the students what they think of when  
they hear or see the word “cave”.  Allow  
several of the students to share their 
answers. 
 
Project/display Wordle 
(http://www.wordle.net/) for the students 
to view.  Explain to the students that 
Wordle is used for generating “word 
clouds” from text that the user 
provides.  Show the students several 
examples of wordles.  Briefly 
demonstrate to the students how to use 
Wordle.  Tell the students that the 
clouds give greater prominence to 
words that appear more frequently in 
the source text.   
 
Have the students share classroom computers to use Wordle in order to generate a 
“word cloud” about caves.*  Each individual student should create their own wordle and 
include at least 10 different thoughts and feelings that they have about caves.  Ask the 
students thought provoking questions such as: 
 Have you ever visited a cave before?  What was it like? 
 Have you ever seen pictures or seen movies about caves? 
 If you have never visited a cave before what do you think it would be like? 
 What do you find inside of caves? 
Encourage the students to experiment with different fonts, layouts, and color schemes.  
Once they are satisfied with their “wordle” these can be printed to display in the 
classroom and discussed.  
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*If the technology to complete this activity is not available have each student create 
their “word cloud” about caves on a sheet of paper or poster board.  They can use a 
variety of different art supplies (crayons, colored pencils, markers, etc.) to express how 
they feel about caves.  Once complete these can be displayed around the classroom. 
 
Activity #2 
After the students have created, displayed and discussed their “wordles” have them 
view the presentation “Caves: Earth’s Underground Treasures”.   
 
As an educator there are several options that you have to share “Caves: Earth’s 
Underground Treasures” with your students. 
1. Have students view the pre-recorded version of “Caves: Earth’s Underground 
Treasures” on Youtube at http://youtu.be/hXKYQXwt8n0.  This can be done by 
projecting the video to the entire class at once or having individuals or small 
groups of students view the video on classroom computers.  The video recording 
is approximately 7 minutes in length. 
2. Present “Caves: Earth’s Underground Treasures” to the class using the Microsoft 
PowerPoint presentation and script provided.  The file can be accessed at 
http://db.tt/5G4nXaTv  
3. Use the “Caves: Earth’s Underground Treasures” Microsoft PowerPoint 
presentation and script as a template to create a more personalized 
presentation about caves and present it to the class. 
 
Wrap-Up/Conclusion 
Once all of the students have viewed “Caves: Earth’s Underground Treasures” tell them 
that it is time to find out what they have learned about caves. 
 
As an educator you have several options to assess what your students have learned. 
1. If you have access to a SMART Board/Interactive Whiteboard complete the 
“Caves: Earth’s Underground Treasures” lesson with your students. 
2. Create an online quiz for your students to complete using SurveyMonkey 
(www.surveymonkey.com).  SurveyMoney is a private American company that 
enables users to create their own Web-based surveys using free and enhanced 
paid products and services.  SurveyMonkey allows users to design surveys, 
collect responses, and analyze the responses to their created surveys.  
SurveyMonkey can be used in education to schedule a meeting or group project; 
as a pre-test or pre-class survey; as a post-class survey; as an assessment of 
background knowledge; or for evaluations.  The basic plan is free.  To evaluate 
the students’ knowledge on caves use the template provided, or create your 
own. 
3. Print off the “Caves: Earth’s Underground Treasures” quiz and give it to your 
students to complete.  The answer key is included. 
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Lesson 1 – Caves: Earth’s Underground Treasures 
PowerPoint Slides & Script 
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Lesson 1 – Caves: Earth’s Underground Treasures 
Sample Quiz & Answer Sheet 
 
Caves: Earth’s Underground Treasures Quiz 
 
Name: _________________________________ 
 
1. In your own words define what a cave is. 
 
 
 
2. What continents are caves found on?   
a. Africa 
b. Antarctica 
c. Asia 
d. Australia 
e. Europe 
f. North America 
g. South America 
h. All of the above 
3. Approximately how many known caves are currently found in the United States? 
 
4. Name two different types of caves. 
 
 
5. What is the name of the world’s longest cave? 
a. Carlsbad Cavern 
b. Krubera (Voronja) Cave 
c. Mammoth Cave 
d. Kazumura Cave 
e. Good Luck Cave 
6. How long is the longest cave in the world? __________________________________ 
7. How many football fields can fit into the Sarawak Chamber? ___________________ 
 
 
8. What is the study of caves called?______________________________________ 
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Answers 
1. A cave is defined by the Federal Cave Resources Protection Act of 1988 as “Any 
naturally occurring void, cavity, recess, or system of interconnected passages which 
occurs beneath the surface of the earth or within a cliff or ledge and which is large 
enough to permit an individual to enter, whether or not the entrance is naturally 
formed or manmade.” 
 
2. h. All of the above. 
 
3. 17,000 
 
4. Lava tubes, sea caves, glacier caves, sandstone caves, solution caves 
 
5. c. Mammoth Cave 
 
6. 390+ miles 
 
7. 30 football fields 
 
8. speleology 
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Lesson 1 - Caves: Earth's Underground Treasures 
SMART Board Lesson to be used in conjunction with the lesson plan 
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Lesson 2 - Caves of the United States 
http://cavecurriculum.weebly.com/lesson-2---caves-of-the-united-states.html 
   
 
Lesson 2 - Caves of the United States 
 
Lesson Overview:  
Students will become familiar with some of the longest caves in the United States. 
 
Objectives: 
Students will be able to: 
1. Identify at least one of the longest caves in 
the United States. 
2. Create a map of where some of the longest 
caves in the United States are located.  
3. Explain the difference between a “show 
cave” and a “wild cave”.  
 
Standards Addressed:  
National Science Education Standards: 5th-8th grade 
 Content Standard D: Earth and Space Science 
International Society for Technology in Education Standards for Students: 
 Creativity and Innovation 
 Communication and Collaboration 
 Research and Information Fluency 
 Technology Operations and Concepts 
 
Duration of Lesson/Time Requirement: 40 minutes 
  
Materials Required: 
100” piece of string or yarn 
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Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
Several classroom computers with Internet connection for student use 
NSS Geo2 Committee on Long and Deep Caves (http://www.caverbob.com/) 
Google Earth (http://www.google.com/earth/index.html) 
 
Set-Up 
Download Google Earth (http://www.google.com/earth/index.html) to a classroom 
computer with an Internet connection and projection capabilities if it is not on the 
computer already.  Google Earth is a free program that combines maps and geographic 
information with satellite and aerial photography.  It allows users to travel through a 
virtual globe and view satellite imagery, maps, terrain, 3D buildings, and much more.  
With Google Earth’s rich, geographical content, teachers and students are able to 
experience a more realistic view of the world.  Google Earth is available on the Internet 
for free as well as for purchase in more advanced versions.  Schools may use the free 
version of Google Earth and Google has created a “Google Earth for Educators” site 
(http://sitescontent.google.com/google-earth-for-educators/Home) to provide helpful 
information including tutorials and tips on using Google Earth in the K-12 classroom. 
 
Procedure: 
Introduction 
Tell the class that they are going to spend time becoming more familiar with some of 
the caves in the United States.  Explain that cavers (also called spelunkers) survey and 
map caves as they explore them.  The length of a cave changes as more passages are 
discovered.  Every inch, foot or mile of passage is added together to determine the total 
length of a cave.  Hold up a 100 inch long piece of string.  Tell the students that each 
inch of the string represents 1 mile of explored passage in a cave.  Explain that if a cave 
is listed as being 100 miles long this does not mean that it is a 100 mile long tunnel.  
Hold one end of the piece of string in one hand and the other end of the string in the 
other hand and pull it tightly to illustrate a 100 mile long tunnel.  Tell the students that if 
a cave is listed as being 100 miles long this means that passages usually go in many 
different directions.  Some passages in caves may be miles in length while some may 
only extend for a few feet in length.  Gather up the piece of string and hold it in the 
palm of one hand to illustrate this.   
 
Activity #1 
Assign each student or small group of students a number.  Explain to the students that 
their number will correspond to one of the longest caves found in the United States.  If 
there are 30 students in the class they will be looking at the 30 longest caves in the USA.  
If the students are in small groups, each group can be assigned several caves to 
investigate.   
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Display/project the list of the longest caves found in the United States located on the 
website http://caverbob.com/.  Tell the students that this is the official list of the 
longest and deepest caves in the world according to the National Speleological Society 
(NSS).  Explain to the students that the NSS is a non-profit membership organization 
dedicated to the scientific study of caves, the protection of caves, and the promotion of 
responsible cave exploration and fellowship among people interested in caves.  Tell the 
students that they are to visit the website and look at the USA Long Cave List.  They 
should record the following information about the cave that corresponds with their 
assigned number: 
1. Cave Name 
Note: Several of the cave names have abbreviations listed next to them in 
parentheses.  N.P. = National Park; N.M. = National Monument; C.C.N.P. = 
Carlsbad Caverns National Park; and C.G.N.H.P. = Cumberland Gap National 
Historical Park.  Information in parentheses also includes other names that 
the cave is known by and other characteristics of the cave (e.g. if it is a lava 
tube instead of a solution cave). 
2. Location of Cave (County & State) 
Note: Two caves on the USA Long Cave List have multiple counties listed for 
their location.  These have been abbreviated.  Mammoth Cave is located in 
Edmonson (Ed.), Hart, and Barren (Bar.) counties in Kentucky.  The Friar’s 
Hole Cave System is located in Greenbrier (Green.) and Pocahontas (Pocoho.) 
counties in West Virginia. 
3. Length (in miles) 
4. Depth (in feet) 
 
The information recorded by each group can be displayed for the entire class to view.  
Options to display this information include: 
1. Having a large piece of paper or poster board in the classroom where each 
individual or small group can write down the information about their cave in 
the order in which they are ranked. 
2. Give each individual or small group a piece of paper where they can write down 
the information they found out about their cave and decorate as time allows.  
These can then be displayed in order of cave rank throughout the classroom. 
3. Use the “Caves of the United States” SMART Board lesson and have each student 
or small group record the information about their cave in order of rank on the 
tables provided. 
 
Once students have recorded the information about their assigned cave tell them that 
they will now use Google Earth to find out the location of the cave in relation to the 
location of their school.   
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*If Internet access is not available to complete this activity please make a copy of the 
USA Long Cave List from the website http://caverbob.com/.  The information for each of 
the longest caves in the United States can be printed or copied onto pieces of paper and 
these can be handed out randomly to the students. 
 
Activity #2 
Ask the students to raise their hands if they have ever heard of or used Google Earth.  
Explain that Google Earth allows people the opportunity to explore the world’s 
geography and view satellite imagery, maps, terrain, 3D buildings, galaxies in outer 
space, and the depths of the ocean.   
 
Project Google Earth on a large screen for the class to see.   Demonstrate how to find a 
location and create a “placemark” or have the students view the tutorial on how to 
create a placemark 
(http://earth.google.com/support/bin/static.py?hl=en&page=guide.cs&guide=22364&to
pic=22367&answer=148142).   
 
Tell the students that you would like them to locate and create a placemark for their 
school and for their assigned cave.  Write the words “show cave” and “wild cave” for the 
students to view.  Ask the students if they know what the difference is.  Explain that 
some caves are considered “show caves” and some are considered “wild caves”.  Show 
caves are those that are open to the public for tours while wild caves are those that are 
open to mapping and research.  In order to protect many of the “wild caves” in the 
United States their exact locations are kept a secret.  Because of this, some groups will 
have to type in the county and state their cave is located in instead of the name of the 
cave.  Some of the caves may have multiple counties listed for their location.  Students 
only need to enter one county to get the general location of these caves. 
 
Tell the students that once they have located their cave they may go back to the website 
http://caverbob.com to look up some of the other long caves in the United States.  As 
time allows they may use Google Earth to locate and placemark them also. 
 
Wrap-Up/Conclusion 
As an educator you can wrap-up and conclude this lesson in a variety of ways. 
1. As each student or small group successfully locates their assigned cave, have 
them come to one computer that is set on Google Earth and placemark the cave.  
Once all of the caves have been placemarked on the same Google Earth 
program, project this image for the entire class to view. 
2. After each student or small group has located their assigned cave, project the 
pre-made “big picture” of the longest caves in the United States for the entire 
class to view. 
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3. Use the “Caves of the United States” SMART Board lesson to project a map of 
the United States for the entire class to view.  Have each student or small group 
come up to the SMART Board and mark the location of their assigned cave. 
4. Display a map of the United States (paper copy) for the class to view.  Have each 
student or small group place a sticker, post-it note or thumbtack where their 
assigned cave is located. 
 
Once all of the caves have been located have some of the students share the 
information they learned about their cave.  Ask questions such as: 
 What was the name of your cave?   
 What is the current length of the cave? 
 Where is your cave located? 
 
Ask the students why they think the caves are located where they are.  Do they know 
how caves are formed?  What are caves made of?  Is there a certain rock type that is 
best for cave formation?  Tell the students that in the next lesson they will investigate 
what types of rocks are found in the areas where the longest caves of the United States 
are located. 
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Lesson 2 – Caves of the United States 
SMART Board Lesson to be used in conjunction with the lesson plan 
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Lesson 3 – Geo Detectives 
http://cavecurriculum.weebly.com/lesson-3---geo-detectives.html  
 
 
Lesson 3 – Geo Detectives 
 
Lesson Overview:  
Students will use geologic maps to determine what rock type 
caves are located in. 
 
Objectives: 
Students will be able to: 
1. Define the term “geology”. 
2. Analyze a geologic map. 
3. Identify that caves are located in areas of sedimentary rock.  
 
Standards Addressed:  
National Science Education Standards: 5th-8th grade 
 Content Standard D: Earth and Space Science 
International Society for Technology in Education Standards for Students: 
 Creativity and Innovation 
 Communication and Collaboration 
 Research and Information Fluency 
 Critical thinking, Problem Solving, and Decision Making 
 Technology Operations and Concepts 
 
Duration of Lesson/Time Requirement: 40 minutes 
  
Materials Required: 
Map of longest caves in the United States (from Lesson #2) 
Images of geologic maps: 
 http://pubs.usgs.gov/atlas/geologic/ 
 http://www.nature.nps.gov/geology/usgsnps/gmap/gmap1.html   
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Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
Several classroom computers with Internet connection for student use 
Nationalatlas.gov (http://www.nationalatlas.gov/) 
 
Procedure: 
Introduction 
Display the map of the longest caves in the United States that was created by the 
students at the end of Lesson #2.  Tell the students that as a class they are going to 
investigate why the longest caves in the United States are located where they are found. 
 
Display/write the word geology for the students to see.  Ask the students if anyone 
knows what the word means.  Have they ever heard the word before?  Have they ever 
heard words that are similar?  Explain to the students that geology is the study of the 
earth.  Geo comes from the Greek word meaning “the Earth”.  The ology suffix comes 
from the Greek logos, meaning “knowledge”.  Tell the students that the earth tells 
amazing stories in its rocks and present day happenings are the key to understanding 
the past history.  As a class they are going to investigate the geology of the areas where 
the longest caves in the United States are located.  
 
 Activity #1 
Project/Show the students a geologic map of the United States.  Images of geologic 
maps can be found on the following websites: http://pubs.usgs.gov/atlas/geologic/ or 
http://www.nature.nps.gov/geology/usgsnps/gmap/gmap1.html.  Ask the students if 
they know what it is.  Explain to the students that a geologic map portrays the 
distribution of rocks, deposits, or other geologic features in a specific area.  Each 
consolidated rock type that can be distinguished by similar characteristics is categorized 
into a mappable unit, or formation.  Unique colors, patterns, and labels are used to 
differentiate each unit on the map.  Colors are chosen by the age of the rocks being 
described.  Labels designate the age and name of the formation or deposit.  Geologic 
maps help people understand the earth on which we walk, and give us a greater 
appreciation for the geology around us. 
 
Project/display Nationalatlas.gov (http://www.nationalatlas.gov/) for the class to view.   
Explain to the students that the National Atlas of the United States of America was 
originally published in 1970.  It was an oversized, 12 pound, 400-page book containing a 
collection of 765 maps.  Unlike the big bound map collection of 1970, the latest National 
Atlas includes electronic maps and services that are delivered online.  Tell the students 
that they are going to use Nationalatlas.gov to learn more about the geology of the 
areas where the longest caves in the United States are located. 
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Explain to the students that they are to use the Map Maker feature on Nationalatlas.gov 
to locate the county and state that their assigned cave is located in and investigate the 
geology of the area.  Demonstrate and explain how to use the Map Maker feature on 
nationalatlas.gov to the students.  Assistance on how to use the Map Maker on 
Nationalatlas.gov can be found at 
http://mapserver.nationalatlas.gov/natlas/mapmakerhelp.html.  
 
On the website http://www.nationalatlas.gov/ click on “Map Maker”.   
 
 
 
In Map Maker: 
1. Under “Basic Maps” select:  
a. Counties 
b. County names 
c. Latitude/Longitude (optional) 
d. States 
e. State names 
2. Under “Geology” select: 
a. Geologic Map 
b. Labels (optional) 
3. Select “Redraw Map” 
4. Select “Zoom to State(s)” 
5. Use the drop down menu to select the state that the cave is located in (e.g. South 
Dakota) 
6. Locate the county that the cave is located in by selecting “Zoom In” and clicking on 
the map (e.g. Custer).  Click on North, South, West, East or the arrows in the map 
corners to move the map. 
7. Look at the rock types found in the area the cave is located in. 
8. Select “Map Key” to identify the rock types.  The students only need to identify if the 
rock is sedimentary, volcanic (igneous), plutonic, or metamorphic.  If students are 
having a difficult time identifying the rock type by the color they can zoom out and 
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look for the label in order to identify it.  Students may also select “Identify” and then 
click on the place on the map where the cave is located.  The type of rock will be 
listed under the results.  
 
Allow each individual student or small group time to find the location of their assigned 
cave using Nationalatlas.gov.  Tell them to record the type of rock that is found in that 
area.  The students do not have to get too specific.  They can use the Geologic Map Key 
to determine if the rocks are sedimentary, volcanic (igneous), plutonic, or metamorphic. 
 
Wrap-Up/Conclusion 
Once each student or small group has determined the rock type where their assigned 
cave is located, survey the class to find out their results.  As an educator you have 
several options to do this: 
1. Write the four rock types for the class to see.  Once you say the name of each 
have the students raise their hands if their cave was located within that type of 
rock.  Record the numbers. 
2. Write the four rock types for the class to see.  Have each individual student or 
small group come up and place a tally mark under the rock type found where 
their cave is located. 
3. Have each student or small group record the rock type their cave is located in 
using the “Geo Detectives” SMART Board lesson. 
 
Once the results are displayed discuss them with the class.  Ask the students if there is a 
certain rock type that is best for cave formation.  In what rock type are many of the 
longest caves in the United States located?  Students should come to the conclusion 
that many caves are found in areas where there are large deposits of sedimentary rock.   
 
Show the students a map of where sedimentary rock is located in the United States 
(http://www.nationalatlas.gov/articles/geology/types/sedimentary.html). Is it similar to 
where their caves are located?  Ask them if they know what sedimentary rock is.  How 
did it form?  Why do they think so many caves are found within it?  Explain to the 
students that they will try to answer these questions in the next lesson. 
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Lesson 3 – Geo Detectives 
Generalized Geologic Map of the United States (lower 48 states) 
 
 
Lesson 3 – Geo Detectives 
Map of the Distribution of Sedimentary Rocks in the United States 
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Lesson 3 – Geo Detectives 
SMART Board lesson to be used in conjunction with lesson plan 
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Lesson 4 - Rocks Rock! 
http://cavecurriculum.weebly.com/lesson-4---rocks-rock.html 
 
 
Lesson 4 – Rocks Rock! 
 
Lesson Overview:  
Students will become familiar with rocks, 
minerals, and be introduced to the rock 
cycle. 
 
Objectives: 
Students will be able to: 
1. Explain the difference between rocks 
and minerals. 
2. Compare and contrast igneous, 
metamorphic, and sedimentary 
rocks. 
3. Demonstrate the rock cycle. 
 
Standards Addressed:  
National Science Education Standards: 5th-8th grade 
 Content Standard D: Earth and Space Science 
International Society for Technology in Education Standards for Students: 
 Creativity and Innovation 
 Research and Information Fluency 
 
Duration of Lesson/Time Requirement: 40 minutes 
 
Materials Required: 
Cookie/picture of a cookie 
Samples and/or pictures of a variety of rocks and minerals 
 Igneous rocks – basalt, granite, obsidian 
 Sedimentary rocks – conglomerate, limestone, sandstone 
 Metamorphic rocks – gneiss, marble, quartzite 
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Picture of a volcano 
Picture of a butterfly or frog 
Diagram of the rock cycle (http://www.learner.org/interactives/rockcycle/diagram.html) 
Journey through the Rock Cycle Station Labels (5) 
Journey through the Rock Cycle Dice or Board Game Dice with keys (5) 
Journey through the Rock Cycle Student Worksheet (1 per student) 
Map of the longest caves in the United States created in Lesson #2 
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
Relevant Websites: 
 http://www.learner.org/interactives/rockcycle/diagram.html 
 http://www.nationalatlas.gov/articles/geology/types/sedimentary.html   
  
Set-Up: 
Prior to the start of class set up ”Journey through the Rock Cycle”.  To do this set up five 
stations around the classroom.  Cut out the signs and label the stations: magma station, 
sediment station, igneous rock station, metamorphic rock station, and sedimentary rock 
station.  Set out one die at each station.  You have two options to use for the dice: 
1. Cut out each die pattern.  Assemble dice by folding along the lines and taping the 
edges together.  Place the correct die with the correct station.   
2. Use board game dice instead of cutting out and assembling the paper dice.  Each 
number will correspond to an action.  Print out the dice keys and place them 
along with a die at the corresponding stations. 
 
Procedure: 
Introduction 
Hold up a cookie or a picture of a cookie.  Ask the students what it is.  Ask the students 
to raise their hand if they like cookies.  Have a few students share their favorite type of 
cookie.  Ask the students what makes one type of cookie different from another (the 
ingredients!).   
 
Hold up a rock or a picture of a rock.  Ask the students what it is.  Write the word “rock” 
for the students to see.  Ask the students what rocks are.  Explain to the students that 
rocks are the building blocks of the earth.  Tell the students that rocks are kind of like 
cookies. 
 
Ask the students if all rocks are alike?  What makes them different?  Tell the students 
that, just like cookies, rocks are also made up of ingredients.  Write the word “mineral” 
for the students to see.  Ask the students what minerals are.  Tell the students that rocks 
are made up of a number of ingredients called minerals.  Some rocks are different from 
others because they have different ingredients, different minerals. 
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Explain to the students that rocks are naturally occurring aggregates (collections) of 
minerals.  Explain to the students that a mineral is a pure substance with a unique 
crystal structure.  Minerals naturally occur as a consequence of natural processes in or 
on the Earth and they are not made in a laboratory.  Minerals are made of inorganic 
(non-living) matter and can be represented by a chemical formula or symbol.   
 
Explain that minerals are the building blocks of rocks.  Rocks can be composed of several 
types of minerals or just one type of mineral.  Pass around several examples of rocks 
and minerals if available. 
 
Activity #1 
Tell the students that the earth’s crust is made up of dozens of different types of rocks, 
but each forms in one of three ways.  Briefly describe the 3 types, or classes, of rocks to 
the students.  Pass around examples of each rock type if available for the students to 
compare/contrast. 
 
1. Igneous – Draw a picture of a volcano or show the students a picture of a volcano.  
Ask them what it is.  Explain to the students that before lava erupts from a volcano it 
exists as a hot molten material known as magma beneath the Earth’s crust.  Tell the 
students that igneous rocks are formed when magma cools and hardens. Explain 
that when magma or lava cools very quickly, no crystals form and the rock looks 
shiny and glasslike.  Sometimes gas bubbles are trapped in the rock during the 
cooling process, leaving tiny holes and spaces in the rock.  Examples of this rock type 
include basalt, granite and obsidian.  Show the students examples and/or pictures of 
igneous rocks if available. 
 
2. Sedimentary – Explain to the students that some rocks are layered.  Most of these 
rocks get their start as wind, ice, and water wear down rocks into bits of sand, soil, 
mud, pebbles, clay, and other loose sediment.  As this sediment washes into rivers, 
lakes, and oceans, it piles up, layer upon layer.  Have several students come up and 
demonstrate layering by creating a “hand pile”.  Each hand represents a different 
layer of sediment.  Explain that over time, the pressure on the bottom layer 
increases.  Ask the students with their hands on the bottom of the pile if they feel 
the pressure building up.  Explain that the sediment compacts and cements together 
to form solid rock.  When rocks form in this way they are called sedimentary rocks.  
Generally, sedimentary rock is fairly soft and may break apart or crumble easily.  
Sand, pebbles or stones can often been seen in sedimentary rocks and they are 
usually the only type of rock that contains fossils.  Examples of this rock type include 
conglomerate, limestone and sandstone.  Show the students examples and/or 
pictures of sedimentary rocks if available. 
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3. Metamorphic – Write the word “metamorphic” on the board.  Ask the students if 
they know what it means.  If they are not sure have the students try to think of a 
word like it.  If they need a hint say the word “butterfly” or “frog” and/or draw a 
picture of a butterfly or frog.  The students should be familiar with the word 
“metamorphosis”.  Ask them what “metamorphosis’ means.  Tell them that just like 
a caterpillar changes into a butterfly or a tadpole changes into a frog some igneous 
and sedimentary rocks change into different rocks because of extreme heat and 
pressure within the crust of the earth.  These rocks are called metamorphic rocks.  
Metamorphic rocks often have ribbon-like layers and may have shiny crystals, 
formed by minerals growing slowly over time, on their surface.  Examples of this 
rock type include gneiss, marble and quartzite.  Show the students examples and/or 
pictures of metamorphic rocks if available. 
 
Activity #2 
Display a diagram of the rock cycle.  One can be found on the website:   
http://www.learner.org/interactives/rockcycle/diagram.html.  Explain to the students 
that wind, water, and ice are continually wearing away igneous, metamorphic, and 
sedimentary rocks and processes within the earth are creating new rocks every day.  
This process is called the rock cycle and can be attributed to James Hutton, the 18th 
century founder of modern geology.  Tell the students that rocks are continually 
changing from on type to another and back again, as forces inside the earth bring them 
closer to the surface where they are weathered, eroded, and compacted, and forces on 
the earth sink them back down where they are heated, pressed, and melted.  Explain to 
the students that the elements that make up rocks are never created or destroyed but 
are constantly being recycled.  By studying rocks and how they “recycle”, scientists can 
learn more about how the earth itself is changing, and how life has changed over time. 
Briefly explain the rock cycle to the students.  
If a SMART Board is available this can be done using the “Interactive” found on the 
website http://www.learner.org/interactives/rockcycle/diagram.html.  If using a SMART 
Board the students can come up and select the animation to play before, during or after 
discussing each rock cycle component.  If a SMART Board is not available the image can 
be projected for the class to view and the educator can select and play the animations.   
 
Explain to the students that rocks change from one type to another over long periods of 
time.  Tell the students that the way rocks change depends on a variety of processes 
that are always taking place on and under the earth’s surface.  Briefly describe the 
following processes to the students and play the animation associated with each. 
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Heat and Pressure 
Ask the students what happens to cookie dough when you put it in the oven?  Explain 
that the heat in the oven produces changes in the ingredients that make them interact 
and combine.  Without melting the dough, the heat changes it into a whole new product 
– a cookie! 
 
Explain to the students that a similar process happens to rocks beneath the earth’s 
surface.  Tell the students that due to the movements in the crust, rocks are frequently 
pulled under the surface of the earth, where temperatures increase dramatically the 
farther they descend.  Between 62 and 124 miles (100 and 200 kilometers) below the 
earth’s surface, temperatures are hot enough to melt most rocks.  However, before the 
melting point is reached, a rock can undergo fundamental changes while in a solid state 
– morphing from one rock type to another without melting. 
 
An additional factor that can transform rocks is the pressure caused by tons of other 
rocks pressing down on it from above. Usually heat and pressure work together to alter 
the rocks under the earth’s surface.  This kind of change, which results from both rising 
temperature and pressure, is called metamorphism, and the resulting rock is a 
metamorphic rock. 
 
Melting 
Ask the students what happens to a chocolate bar when it gets very hot.  It melts! 
Explain to the students that the same thing happens to a rock when it is heated enough.  
The high temperatures required to melt a rock are generally only found deep within the 
earth.  Tell the students that the rock is pulled down by movements in the earth’s crust 
and gets hotter and hotter as it goes deeper.  It takes temperatures between 1100 and 
2400 degrees Fahrenheit (600 and 1300 degrees Celsius) to melt a rock, turning it into 
magma, or molten rock. 
 
Cooling 
Ask the students what they would do to turn a melted chocolate bar back into a solid?  
It could be cooled by putting it into the refrigerator until it hardens.  Explain to the 
students that similarly, liquid magma also turns into a solid (a rock) when it is cooled.  
Any rock that forms from cooling of magma is an igneous rock.  Tell the students that 
there are two different types of igneous rocks.   
 
Explain to the students that when magma rises deep from within the earth and explodes 
out of a volcano, is it called lava, and it cools quickly on the surface.  Rock formed in this 
way is called extrusive igneous rock.  It is extruded, or pushed, out of the earth’s interior 
and cools outside of or very near the earth’s surface.  Extrusive igneous rocks are also 
sometimes referred to as volcanic rocks. 
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Ask the students what would happen if the magma doesn’t erupt from the volcano, but 
instead gets pushed slowly upward toward the earth’s surface over hundreds, 
thousands, or even millions of years?  Explain to the students that this magma will also 
cool, but at a much slower rate than lava erupting from a volcano.  The kind of rock 
formed in this way is called intrusive igneous rock.  It intrudes, or pushes, into the 
earth’s interior and cools beneath the surface.  Intrusive igneous rocks are also 
sometimes referred to as plutonic rocks. 
 
Weathering and Erosion 
Show the students a picture of a dandelion and ask them what it is.  Ask the students 
what dandelions rely on to separate their seeds, carry them, and deposit them 
elsewhere (the wind). 
 
Explain to the students that all objects on the earth’s surface are exposed to the wind, 
along with many other elements – water, the sun, temperature changes.  Over time, 
these factors wear objects down and break them apart.  The resulting bits and pieces of 
materials are called sediment.  Sediment is then transported by wind and water, often 
ending up far from where it started.  These processes of breakdown and transport due 
to exposure to the environment are called weathering and erosion.  Weathering and 
erosion affect all rocks on the earth’s surface. 
 
Compacting and Cementing 
Ask the students what happens to a loose pile of garbage when it is put into a 
compactor (the squeezing of the machine produces a solid cube of compacted garbage).  
Explain to the students that the same thing happens to sediment formed from the 
weathering and erosion of rock.  Tell the students that over time, sediment accumulates 
in oceans, lakes, and valleys, eventually building up in layers and weighing down the 
material underneath.  This weight presses the sediment particles together, compacting 
them.  Water passing through the spaces in between the particles helps to cement them 
together even more.  This process of compacting and cementing of sediment forms 
sedimentary rock and is also called lithification. 
 
Activity #3 
Now that the students are familiar with the rock cycle tell them that they are going to 
play a game where they will become rocks and move through the rock cycle.   
Explain “Journey through the Rock Cycle” to the students.  Tell the students that there 
are 5 stations set up around the classroom and explain what each station is.  Explain 
that at each station there is a die.  To begin the game each student will pick the station 
where they wish to start from or go to the station that they are assigned and form a 
line.  Once the signal is given for the game to start each student will take a turn rolling 
the die in order to determine what path they will take.  For example, if a student begins 
at the igneous station they will roll the die at that station.  If they are instructed to “melt 
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into magma” this student will then leave the igneous station and move to the magma 
station.  Once at the magma station the student will wait in line until it is their turn to 
roll the die. 
 
Pass out a copy of the Journey through the Rock Cycle Student Worksheet to each 
student.  Tell the students that while they are at each station and while they are moving 
to different stations they must record what is happening on their journey.  After the 
game is over each student will have a record of what happened.  
 
Make sure that the students clearly understand the activity.  Allow them a small about 
of time to get to their starting station.  Give the signal for the game to start and monitor 
the students during the duration of the activity.  Plan on at least 10 minutes for the 
duration of the activity if possible.  
 
Wrap-Up/Conclusion 
At the conclusion of “Journey through the Rock Cycle” have the students return to their 
seats.   As time allows, have several students share their “adventure”.  Briefly review the 
types of rocks and the rock cycle. 
 
Display the map of the longest caves in the United States that was created by the 
students at the end of Lesson #2.  Ask the students what type of rock the longest caves 
of the United States are found in? (sedimentary) 
 
Display the map showing the distribution of sedimentary rocks in North America found 
on the website: http://www.nationalatlas.gov/articles/geology/types/sedimentary.html.  
Explain to the students that sedimentary rocks are the most common rock type on the 
earth’s surface.  Ask the students why they think so many caves are found in 
sedimentary rock?  Explain to the students that they are going to investigate this further 
in the next lesson. 
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Lesson 4 – Rocks Rock! 
Journey through the Rock Cycle Student Worksheet 
 
Name: __________________________ 
Journey through the Rock Cycle 
This sheet is to help you write about your experiences as a rock during your journey 
through the rock cycle.  You will need to describe your adventures at each station and 
tell about what kind of rock you feel that you were. 
 
1) I began my adventure at ________________________________________________. 
 
2) The first thing that happened was ________________________________________, 
then I went to ________________________________________________________. 
 
3) The next thing that happened was ________________________________________, 
then I went to _______________________________________________________. 
 
4) The next thing that happened was ________________________________________, 
then I went to ________________________________________________________. 
 
5) The next thing that happened was ________________________________________, 
then I went to ________________________________________________________. 
 
6) The next thing that happened was ________________________________________, 
then I went to ________________________________________________________. 
 
7) The next thing that happened was ________________________________________, 
then I went to ________________________________________________________. 
 
8) The next thing that happened was ________________________________________, 
then I went to ________________________________________________________. 
 
9) The next thing that happened was ________________________________________, 
then I went to ________________________________________________________. 
 
10) I ended my adventure at ________________________________________________.  
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Lesson 4 – Rocks Rock! 
Journey through the Rock Cycle – Station Labels 
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Lesson 4 – Rocks Rock! 
Journey through the Rock Cycle – Dice 
 
 
 
 
 
   166 
 
 
 
 
 
 
 
 
   167 
 
 
 
 
 
 
 
 
   168 
 
 
 
 
 
 
 
 
   169 
 
 
 
 
 
 
 
 
   170 
 
Lesson 4 – Rocks Rock! 
Journey through the Rock Cycle – Dice Keys (if using board game dice) 
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Lesson 5 – Disappearing Rocks 
http://cavecurriculum.weebly.com/lesson-5---disappearing-rocks.html  
 
 
Lesson 5 – Disappearing Rocks 
 
Lesson Overview:  Students will examine limestone rock and perform a “Bubble Test”. 
 
Objectives: 
Students will be able to: 
1. Describe the characteristics of limestone rock. 
2. Explain how limestone rock forms. 
3. Model the effects of acids on a carbonate rock 
such as limestone. 
 
Standards Addressed:  
National Science Education Standards: 5th-8th grade 
 Content Standard A: Science as Inquiry 
 Content Standard B: Physical Science 
 Content Standard D: Earth and Space Science 
 
Duration of Lesson/Time Requirement: 40 minutes 
 
Materials Required: 
Pictures and/or specimens of limestone containing fossils 
Hand lenses (if available) 
Pictures and examples of seashells both whole and broken 
Clear plastic cup filled with room-temperature water 
Small amount of sugar (approximately 1 Tablespoon) 
Safety goggles for each student 
Disappearing Rocks Student Worksheet (1 per student) 
For every group of 2-3 students: 
 White table vinegar 
 Jar or beaker 
 Dropper or pipette 
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 Rock samples, one being limestone (A, B & C) 
 Seashells/pieces of seashells 
 Paper towels 
 
Safety: 
This lesson should take place in a well ventilated area.  Students should wear properly 
fitting safety goggles during the activity and wash hands afterwards.  Read and follow all 
safety warnings on material labels. 
 
At the conclusion of the lesson have students pour their used solutions in a common 
waste container.  Dispose of all liquid waste down the drain or according to local 
regulations. 
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
(optional) 
 
Set-Up: 
Gather the necessary materials.  Pour small amounts of white table vinegar into a 
jar/beaker for each group of 2-3 students.  If multiple rock samples cannot be obtained 
the experiment will be successful as long as one rock sample is limestone and the other 
rock sample is a non-carbonate rock. 
 
Procedure: 
Introduction 
Review with the students that the majority of the world’s caves are found in areas of 
sedimentary rock.  Ask them to name several examples of sedimentary rock (e.g. 
conglomerate, sandstone, and limestone).  Explain to the students that the majority of 
the world’s caves are found in areas of limestone rock.   
 
Project/show pictures of limestone for the students to view.  Pass out pictures and/or 
specimens of limestone containing fossils for the students to look at closely.  If hand 
lenses are available allow the students to use them to examine the limestone 
specimens.  Ask the students to describe the limestone.  What do they notice about the 
limestone?  Does the limestone have anything embedded in it? (fossils) 
 
Explain to the students that because limestone is a sedimentary rock it is one of the best 
preservers of fossils.  Tell the students that fossils are the preserved remains or traces of 
animals, plants, and other organisms from the past.  Ask the students how they think 
the fossils of shelled animals and other sea life could end up in limestone. 
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Activity #1 
Ask the students to raise their hands if they have ever collected seashells on a beach.  
Ask the students where the shells came from? (Animals in the water)  Project/show 
pictures of seashells for the students to view.  Pass out pictures and/or specimens of 
seashells for the students to look at closely.  Ask the students if they know what the 
seashells are made up of.  Explain to the students that seashells are made up of calcium 
carbonate.  Calcium carbonate is a chemical compound with the formula CaCO3.  Tell the 
students that calcium carbonate is a common substance found in rocks in all parts of the 
world and that it is the main component of shells of marine organisms, snails, pearls, 
and eggshells.  If a piece of classroom chalk is available, hold up the chalk and tell the 
students that some teachers use calcium carbonate every day in their classrooms when 
writing on the chalkboard. 
 
Tell the students that long ago the surface of what is now the United States looked very 
different than it does today.  Explain to them that shallow seas once covered many parts 
of what is now the United States.  Tell the students that just like we find shelled animals 
in oceans today, shelled animals also lived in these ancient seas. 
 
Ask the students to raise their hand if they have ever found broken seashells while 
walking along a beach.  Ask the students what might cause seashells to break.  Discuss 
the force of waves in the ocean.  Show the students several examples of broken shells.  
Explain to the students that some seashells even crushed into a fine powder over time.  
Ask the students what they think happens to the shells or shell pieces over time.  Where 
will they go?  (They settle to the ocean floor) 
 
Explain to the students that over long periods of time, perhaps hundreds, thousands or 
millions of years, the shells and shell pieces at the bottom of the ocean will pile up into 
thick layers.  Some of these layers can be hundreds and even thousands of feet thick.  
Ask them how they think it would feel to be a shell at the bottom of the pile.  How 
heavy would the shells above be?  Reference the “hand pile” they made in lesson #4 and 
also discuss football players and how the person on the bottom of a pile-up feels.  
Explain to the students that the weight of the shells causes the shells to cement 
together over time.  The resulting rock is limestone, composed of calcium carbonate. 
 
Activity #2 
Tell the students that the largest and greatest number of caves are found in areas of 
extensive deposits of limestone.  Explain that limestone and other carbonate rocks are 
somewhat unique because their mineral grains can be dissolved in nature.  Ask the 
students why they think this would be important in the process of forming a cave. 
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Explain to the students that a geologist can often tell what kinds of minerals are found 
in rocks by the physical properties of the rock.   Geologists look at the appearance of the 
rock and characteristics such as its grain size, hardness, color, texture, and whether it 
can be dissolved. 
 
Ask the students if they know what it means to dissolve something.  Show the students 
a clear plastic cup filled with room-temperature water and a small amount of sugar.  Ask 
the students what they think will happen when the sugar, a solid, is added to the water, 
a liquid.  Add the sugar to the water and stir.  Allow the students to observe the results.  
Ask the students to explain what happened to the sugar.  Is the sugar still present even 
though they cannot see it?  
 
Explain to the students that the main mineral that makes up limestone is called calcite.  
Tell the students that calcite will dissolve in most forms of acid.  Show the students 
several rock samples.  Tell the students that one of the samples of rock is limestone.  
Ask the students if they can suggest a way to determine which rock is the limestone.  
Explain to the students that the rock samples can be tested for calcite by checking to see 
which ones dissolve when they come into contact with acid.   
 
Activity #3 
Explain to the students that they will participate in a Bubble Test (also known as an Acid 
Test).  Tell the students that each pair or small group of students will receive one sample 
of each rock type (A, B & C).  Following classroom safety procedures they will use a 
dropper to place a couple of drops of white table vinegar on each rock sample.  The rock 
samples with calcite (the limestone) will bubble and those without calcite will not.   
 
Suggested Procedure: 
1. Explain safety procedures to be followed in the classroom.  Tell the students that 
they are to keep their safety goggles on at all times.  Make sure the students know 
what to do if their skin comes into contact with the white table vinegar. 
2. Handout a copy of the Disappearing Rocks Student Worksheet to each student and 
make sure that each student has a pencil to record their observations. 
3. Distribute rock samples, seashells and other materials to each pair or small group of 
students. 
4. Review the procedure with the students.   
a. Place one rock sample at a time in the jar or beaker.  Make sure the rock 
sample is labeled properly (A, B or C).  
b. Use the dropper to place several drops of white table vinegar on the rock 
sample. 
c. Observe what happens and record observations in the proper column on the 
Disappearing Rocks Student Worksheet (acid reaction or no reaction). 
d. Wipe white table vinegar droplets off of rock sample using paper towel. 
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e. Repeat steps a-d for other rock samples. 
f. Test a seashell/piece of a seashell with the white table vinegar.  Observe and 
record observations. 
g. Write down conclusions on the Disappearing Rocks Student Worksheet. 
 
Wrap-Up/Conclusion 
Upon completion of the experiment and clean up of the students’ work stations ask the 
students if they were able to determine which rock sample was the limestone.  How 
could they tell? 
 
Review with the students that limestone is a sedimentary rock that is composed of 
calcium carbonate.  The main mineral found in limestone is calcite and it can be easily 
dissolved by acid.   
 
Explain to the students that they used white table vinegar, which is a mild acid, to 
dissolve limestone in the classroom.  Ask the students if they think that geologists create 
caves by pouring acid onto limestone.  Ask the students to think about where caves are 
found.  Are caves natural or manmade?  Explain to the students that in order for caves 
to be created the limestone must be dissolved away by an acid that is naturally formed 
in nature.  Ask the students to think about where they can find acid in nature.  Explain to 
the students that they will investigate acids further in the next lesson. 
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Lesson 5 – Disappearing Rocks 
Student Worksheet 
 
Name: ___________________ 
 
Rock Samples Acid Reaction No Reaction 
A. 
  
B. 
  
C. 
  
Seashell 
  
Conclusions: 
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Lesson 6 – Making Carbonic Acid 
http://cavecurriculum.weebly.com/lesson-6---making-carbonic-acid.html  
 
 
Lesson 6 – Making Carbonic Acid 
 
Lesson Overview:  Students will become familiar with the 
concepts of acidity, alkalinity, and pH.  They will 
demonstrate how carbonic acid is formed and describe 
how it can dissolve limestone and create caves. 
 
Objectives: 
Students will be able to: 
1. Explain the concepts of acidity, alkalinity, and pH. 
2. Explain that carbon dioxide reacts chemically with 
water to form carbonic acid. 
3. Demonstrate how carbonic acid is formed by 
using the color change of universal indicator to monitor the changing pH of a 
solution during a chemical reaction. 
4. Describe how carbonic acid can dissolve limestone and create caves. 
 
Standards Addressed:  
National Science Education Standards: 5th-8th grade 
 Content Standard A: Science as Inquiry 
 Content Standard B: Physical Science 
 Content Standard D: Earth and Space Science 
 
Duration of Lesson/Time Requirement: 40 minutes 
 
Materials Required: 
Examples of acids and bases (if available) 
Picture/Diagram of the pH scale 
Can of soda pop 
Safety goggles (1 per student) 
For each student or pair/small group of students: 
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 Activity #2 Part 1: 
 Small cup of white table vinegar (acidic pH) 
 Small cup of distilled water (neutral pH) 
 Small cup of baking soda/distilled water solution (basic pH) 
 3 pieces of red litmus paper 
 3 pieces of blue litmus paper 
 Dropper or pipette 
 Making Carbonic Acid Student Worksheet (1 per student) 
Activity #2 Part 2: 
 Small cup of fresh club soda or seltzer water  
 Small cup of a flat club soda or seltzer water 
 2 pieces of red litmus paper 
 2 pieces of blue litmus paper 
  
 Activity #3 
 Small clear cup of distilled water (1 per student) 
 Drinking straw (1 per student) 
 Universal indicator solution  
 Universal indicator pH color chart (Displayed for classroom use) 
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
(optional) 
 
Safety: 
This lesson should take place in a well ventilated area.  Students should wear properly 
fitting safety goggles during Activity #2 and Activity #3 and wash their hands afterwards.  
Universal indicator solution is alcohol-based and flammable.  Please consult universal 
indicator solution material safety data sheet (MSDS): 
http://www.sciencelab.com/msds.php?msdsId=9927029.     
 
Read and follow all safety warnings on material labels. 
 
At the conclusion of the lesson have students pour their used solutions in a common 
waste container.  Dispose of all liquid waste down the drain or according to local 
regulations. 
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Set-Up: 
Gather the materials necessary.  Litmus paper and Universal Indicator Solution can be 
ordered from several online retailers including: 
Sargent-Welch 800-727-4368  https://www.sargentwelch.com/store/ 
The Science Company 800-372-6726  http://www.sciencecompany.com/  
Frey Scientific  800-225-3739  http://www.freyscientific.com/  
Ward’s Science 800-828-7777  https://www.wardsci.com/ 
For Activity #2 pour small amounts of white table vinegar and distilled water into small 
cups (e.g. Dixie cups).  Make a solution of baking soda and distilled water and pour it 
into small cups.  At least two days prior to the teaching of the lesson, open a can or 
bottle of club soda or seltzer water and let it sit out and become “flat”.  Pour small 
amounts of fresh and flat club soda or seltzer water into small cups.   
 
For Activity #3 transfer universal indicator solution to smaller containers for the 
students to share (if necessary).  Pour small amounts of distilled water into clear cups. 
 
Procedure: 
Introduction 
Ask the students if they know what lemons and vinegar have in common. (They both 
taste sour on your tongue)  Explain to the students that this is because they are both 
acids and acids taste sour.  Explain that bases are the chemical opposites of acids.  They 
normally taste bitter and feel soapy.  Another word for a base is alkali and bases are also 
referred to as alkaline compounds.  There are strong and weak acids and bases.  Explain 
to the students that acids and bases are some of the most important substances on 
Earth.   
 
Ask the students what acids they are familiar with.  What acid did they use during the 
last lesson during their Bubble Test? (Hydrochloric acid or white table vinegar)  Discuss 
and explain the characteristics of most acids.   
Properties of acids include: 
 Corrosive (“burns” your skin) 
 Sour taste (like lemons and vinegar) 
 Frequently feel “sticky” 
 Contains hydrogen ions when dissolved in water 
 Has a pH of less than 7 
 Turns blue litmus paper to a red color 
 Reacts with bases to form salt and water 
 Reacts with most metals to form hydrogen gas 
 Reacts with carbonates to form carbon dioxide, water, and a salt 
 Usually gases or liquids 
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Examples of acids include: 
 Ascorbic acid (Vitamin C) in fruit 
 Citric acid in oranges and lemons 
 Acetic acid in vinegar 
 Tannic acid (in tea and wine) 
 Tartaric acid (in grapes) 
 Hydrochloric acid (HCl) is gastric juice 
 Sulfuric acid (H2SO4) is battery acid 
 Nitric acid (HNO3) 
 Carbonic acid (H2CO3) in soda pop 
 Uric acid in urine 
 
Ask the students if they know what the opposite of an acid is. (A base)  Ask the students 
if they are familiar with any bases.  Discuss and explain the characteristics of most 
bases.   
 Properties of a bases include: 
 Corrosive (“burns” your skin) 
 Feels soapy or slippery 
 Taste bitter (like baking soda) 
 Has pH more than 7  
 Turns red litmus paper to a blue color 
 Many alkalis (soluble bases) contain hydroxyl ions (OH-) 
 Reacts with oils and greases (that’s why they’re used as drain and window 
cleaners) 
 Reacts with acids to form salt and water 
 Frequently solids (although ammonia is a gas that’s usually dissolved in water) 
 
Examples of bases and alkalis (strong bases): 
 Many bleaches, soaps, toothpastes, and cleaning agents 
 Magnesium hydroxide (Mg(OH)2) or milk of magnesia 
 Ammonium hydroxide (NH4OH) or ammonia water 
 Calcium hydroxide (Ca(OH)2) or limewater 
 Sodium hydroxide (NaOH) or caustic soda/lye 
 
Activity #1 
Display or draw the pH scale for the students to view.  Ask the students if they know 
what it is and if they have ever heard the term “pH”.  Ask the students if they can define 
pH.  Explain to the students that scientists use something called the pH scale to measure 
how acidic or basic (also known as alkaline) something is.  The pH scale measures acidity 
in the same way that a ruler measures length.  pH stands for potential hydrogen and is a 
measurement of the hydrogen ion (H+) concentration in a liquid.  If there is a high H+ 
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concentration, the pH indicates that a solution is very acidic.  If the solution is neutral, 
there is only a small H+ concentration, and the pH reflects that.  If the solution is basic or 
alkaline, there is almost no H+ concentration.  
    
 
 
Explain to the students that pH is nothing more than a way of telling how concentrated 
a hydrogen ion solution is.  The pH scale ranges from 0 (strongly acidic) to 14 (strongly 
basic/alkaline).  A concentration that is neither acidic nor basic is neutral and registers in 
the middle of the pH scale.  Use the concept of money to communicate an 
understanding of acid/base strength to the students.  Assign a neutral pH (7) the value 
of 1 cent.  A pH of 6 (or 8) is ten times stronger, so it is worth 10 cents.  A pH of 5 (or 9) 
is ten times stronger than that, so it is worth 100 cents (or $1).  A pH of 4 (or 10) is 10 
times stronger than that, so it is worth $10.   
 
Activity #2 
Part 1: 
Tell the students that they are going to test some common household substances to see 
if they are acidic, basic, or neutral.  Explain safety procedures to be followed in the 
classroom.  Tell the students that they are to keep their safety goggles on at all times.  
Give each student or pair/small group of students a small cup of white table vinegar, a 
small cup of distilled water, a small cup of baking soda/distilled water solution, 3 pieces 
of red litmus paper, 3 pieces of blue litmus paper, and a dropper or pipette.  Pass out a 
copy of the Student Worksheet to each student.  
 
Tell the students that the small strips of red and blue paper are called litmus paper.  
Explain that litmus paper has been treated with a fungi that sensitizes the paper to the 
acidic or basic qualities of a substance.  By placing a drop or two of each sample onto 
the litmus paper they will not know the exact pH of the solution but they will be able to 
get a rough estimation as to whether each substance is an acid, a base, or neutral.   
 
Explain to the students how to use the litmus paper and what the color change of the 
litmus paper means.   
 Blue litmus paper will turn red in an acid; remain blue in a base; and remain blue 
in a neutral solution. 
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 Red litmus paper will turn blue in a base; remain red in an acid; and remain red 
in a neutral solution. 
 
 Blue Litmus Paper Red Litmus Paper 
Acid Turns red Stays the same 
Base Stays the same Turns blue 
Neutral Stays the same Stays the same 
 
One way the students can help remember is to think: Red = Acid; Blue = Base.   
 
Tell the students that they are to use the dropper to place one or two drops of each 
solution on a strip of red litmus paper and on a strip of blue litmus paper.  They will then 
observe and record their results on their copy of the Making Carbonic Acid Student 
Worksheet.  Explain to the students that the color change should be instantaneous but 
caution them to look at the results carefully.  Discuss the results and review some of the 
common acids and bases and their associated pH. (white table vinegar is an acid; 
distilled water is neutral; baking soda is a base) 
 
Part 2: 
Hold up a can of soda pop and have the students raise their hands if they have ever had 
soda pop before.  Ask the students if they think soda pop is acidic, basic, or neutral.  
Why?  Explain to the students that they are going to test some club soda with litmus 
paper to find out if it is acidic, basic, or neutral.  Tell them that club soda is just like the 
soda pop that they drink but it does not have any flavoring in it.  Give each student or 
small group of students a small cup of club soda, one piece of red litmus paper, and one 
piece of blue litmus paper.  Have the students test the club soda with their litmus paper 
by allowing them to dip the end of the piece of litmus paper into the club soda.  Ask the 
students to record their observations on their Making Carbonic Acid Student 
Worksheets.   
 
Once all of the students or small groups of students have tested their club soda ask 
them what color the litmus paper turned.  Why? (Club soda is slightly acidic due to 
carbonation)  Ask the students if they know why soda pop is fizzy.  Explain to the 
students that soda pop is mostly carbonated water.  Carbonated water is water that is 
mixed with carbon dioxide under pressure. 
 
Ask the students what the chemical formula is for water and write H2O on the board.  
Explain the chemical formula by telling the students that water is made up of one 
oxygen and two hydrogen atoms.  Ask the students what chemical transformation needs 
to take place in order for the water to become acidic. (The hydrogen needs to separate 
from the oxygen)  Have the students take a deep breath in and then exhale.  Explain to 
the students that when we exhale our bodies release carbon dioxide (CO2).  Ask the 
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students what happens when water mixes with carbon dioxide.  Write the equation on 
the board: H2O + CO2 = H2CO3 (carbonic acid).  Explain that the hydrogen ions are now 
bonded to carbon instead of oxygen.  The water is now acidic or a weak carbonic acid.  
Tell the students that carbonic acid is what makes soda pop fizzy. 
Ask the students what happens when soda pop is left out on the counter. (It loses 
carbon dioxide and goes flat)  Give each student or small group of students a small cup 
of flat club soda, one piece of red litmus paper, and one piece of blue litmus paper.  
Have the students test the flat soda pop with the litmus paper and record their 
observations on their Student Worksheets.  Ask the students what color the litmus 
paper turned.  Why?  Discuss the results with the students. (Flat club soda is neutral due 
to lack of carbonation) 
 
Activity #3   
Tell the students that they are going to make their own carbonic acid.  Explain to the 
students that you will be giving each of them a small clear cup filled with distilled water.  
Ask the students if the distilled water is an acid, a base, or neutral. (Neutral; this should 
be review from Activity #2 Part 1).  Tell the students that for this activity they will be 
using a universal indicator solution instead of litmus paper.  Explain to the students that 
a universal indicator is a solution which 
undergoes several color changes over a wide 
range of pH values.  The color is used to 
“indicate” pH directly.  Display the Universal pH 
Color Chart for the students to view.  Ask the 
students what color would result in a neutral 
solution? (Green)  An acid? (Yellow-red)  A base? 
(Green-blue).  What color should the universal 
indicator solution change in the distilled water? 
(Green)   
 
Tell the students that once they receive their small cup of distilled water they are to add 
several drops of universal indicator solution and stir it into the water until the water 
turns noticeably green.  Caution the students that universal indicator solution is alcohol-
based and flammable.  Remind them of safety procedures and instruct them to wear 
their safety goggles at all times. 
 
Ask the students how they can make the distilled water go from being neutral to being 
an acid. (Add carbon dioxide)  Reference the chemical equation from Activity #2 Part 2 
and explain that a chemical change is required.  Where can the students get carbon 
dioxide from?  Have the students take a deep breath and exhale. (They can add carbon 
dioxide to the water by blowing air into it)  Explain to the students that they will each 
received a straw.  They can use the straw to stir the universal indicator solution into the 
distilled water.  Tell the students that when they are given the signal they are to use the 
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straw to gently blow air into the cup of distilled water.  Remind the students that 
universal indictor solution is alcohol-based and flammable.  Instruct the students that 
blowing too hard into the straw could result in spilling or getting the solution on them.  
Warn them not to inhale through the straw.  This could lead to ingestion of the universal 
indictor solution which could cause them to get ill and have to seek medical attention.   
 
Ask the students what they think will happen to the distilled water as they blow carbon 
dioxide into it.  How will they know if there has been a chemical change?  What does it 
mean if the color of the water changes?  Tell the students to record their predications 
on their Student Worksheet.  
 
Pass out the materials to the students.  Allow them time to mix universal indicator 
solution into their cups of distilled water and to record their predications.  Give the 
signal and allow the students to blow air into their cups.  Within several seconds the 
students should observe a color change from green to red/orange indicating that the 
distilled water has become acidic.   Tell the students to consult the Universal pH Color 
Chart if necessary and to record their observations on their Student Worksheet.  Discuss 
the results as a class. 
 
Note: If the educator does not feel comfortable allowing the students to complete this 
activity themselves it can be done as a demonstration instead. 
 
Wrap-Up/Conclusion 
Upon completion of the experiment and clean up of the students’ work stations ask the 
students how water might turn to carbonic acid in nature.  Explain to the students that 
after it rains or snow melts water will travel through the soil and pick up carbon dioxide 
from decaying plants and other organic material.  This process creates a weak carbonic 
acid similar to what the students just created in class.  Ask the students where the 
carbonic acid will go once it passes through the soil.  Explain that the weak carbonic acid 
will encounter the bedrock.  Ask the students to think about what would happen if the 
bedrock is limestone.  Explain to the students that if the bedrock is limestone (or 
another carbonate rock), the carbonic acid will slowly dissolve it.  Ask the students why 
carbonic acid will dissolve limestone. (The main mineral found in limestone is calcite 
which dissolves in most acids)  What do they think will happen if this process continues 
for a long period of time?  (This is the process that leads to the formation of solution 
caves) 
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Lesson 6 – Making Carbonic Acid 
Student Worksheet 
 
Name: ___________________ 
 
Part 1: 
Household Product Red Litmus Paper Blue Litmus Paper 
White Table Vinegar 
  
Distilled Water 
  
Baking Soda 
  
Conclusions: 
 
Part 2: 
Household Product Red Litmus Paper Blue Litmus Paper 
Fresh Soda Pop 
  
Flat Soda Pop 
  
Conclusions: 
 
 
Remember: Red = Acid; Blue = Base 
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Lesson 7 – Create a Cave 
http://cavecurriculum.weebly.com/lesson-7---create-a-cave.html  
 
 
Lesson 7 – Create a Cave 
 
Lesson Overview: In this lesson students will create a model to demonstrate how caves 
form.  
 
Objectives: 
Students will be able to: 
1. Create a cave model. 
2. Demonstrate the process of cave formation 
through dissolution of limestone. 
 
Standards Addressed: 
National Science Education Standards: 5th-8th grade 
 Content Standard A: Science as Inquiry 
 Content Standard D: Earth and Space Science 
International Society for Technology in Education Standards for Students: 
 Research and Information Fluency 
 
Duration of Lesson/Time Requirement: 40 minutes 
 
Materials Required: 
For each pair/small group of students: 
12 Sugar cubes (representing limestone) 
4-6 oz Modeling clay (representing topsoil) 
1 see-through bowl/container (preferably with a flat side) 
Toothpick 
Spray bottle filled with warm water (representing rainfall) 
 Food coloring may be added to the water to make “passageways” more 
clearly visible 
Create a Cave Student Worksheet (1 per student) 
Pencil (1 per student) 
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Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
Teacher’s Domain – “How Caves Form” interactive 
 http://www.pbs.org/wgbh/nova/earth/how-caves-form.html 
 
Set-Up: 
Gather materials necessary for Activity #1 and divide accordingly for pairs/small groups 
of students. 
 
Procedure: 
Introduction 
Review with the students what is needed to form a cave. (Limestone, water mixed with 
carbonic acid and time).  Discuss how caves form as a class and generate a list of what 
the students know about cave formation.  Be sure to cover these important points: 
 The largest and greatest number of caves are found in areas of extensive 
deposits of limestone.   
 Limestone is a sedimentary rock consisting of calcium carbonate (CaCO3) and is 
composed mainly of the mineral calcite.  
 Calcite dissolves in many types of acids. 
 As precipitation (rain or snow melt) percolates through the soil, some of the 
carbon dioxide (CO2) produced by decaying plant and animal matter, dissolves to 
form a carbonic acid solution. 
 The slightly acidic water seeps through cracks in the ground and slowly dissolves 
calcite out of the limestone.  The water carries away the dissolved calcite. 
 Over long periods of time (hundreds, thousands and perhaps even millions of 
years) the water continues to dissolve along underground fractures and rock 
layers, and hollows out spaces within the rock.  These spaces are called 
passageways and caves. 
 
Activity #1 
Explain to the students that they are going to work in pairs or small groups to create a 
model of a cave and that they will have the opportunity to observe how caves form.  
 
Explain the procedure to the students by demonstrating how to construct a cave model.  
Tell the students that they will construct their caves using sugar cubes, modeling clay, 
and water.  Ask the students what they think each component of the model represents.  
Tell the students that the sugar cubes represent limestone, the modeling clay 
represents topsoil/surface of the earth, and the spray bottle represents rainfall. 
 
Explain to the students that they are to stack the sugar cubes against the side of their 
see-through container.  It will be easier for them to do this if they tip the container onto 
its side.  Tell the students that they may arrange their sugar cubes in any way, but that 
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the sugar cubes will determine the shape of their cave.  They need to make sure that the 
sides of the sugar cubes are touching one another and that there are no spaces or gaps 
between them. 
 
Next tell the students that they are to use the modeling clay to seal their stack of sugar 
cubes inside a dome.  Explain to the students that the easiest way to do this is to flatten 
the clay and then lay it over the sugar cubes.  They should then press the clay tightly 
against the walls and bottom of the see-through container, as well as against the sugar 
cubes themselves.  They can then use smaller pieces of clay to seal the edges more 
tightly.  The clay layer should be approximately 1/8 inch thick.  Stress to the students 
that the sugar cubes pressed up against the side of the see-through container should 
remain visible.  Tell the students that this will act as a window to their cave.   
Lastly, use a toothpick to poke a few holes through the clay.  Tell the students to be sure 
that the holes go all the way through to the sugar cubes.  Ask the students what they 
think the toothpick holes represent. (The cracks and holes in the earth’s surface that 
allow water to percolate more easily to the bedrock)  
 
 
 
 
Explain to the students that they will all receive a copy of the Create a Cave Student 
Worksheet.  Once they have constructed their cave model they are to record what it 
looks like by sketching it on their worksheet. 
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Pass out the see-through containers, sugar cubes, modeling clay, toothpicks and Create 
a Cave Student Worksheets to the pairs or small groups of students.  Allow the class 
time to construct their cave models and record them on their student worksheets. 
 
Once the pairs or small groups of students have completed sketching their cave models, 
explain that they will now spray water on their models.  Ask the students what they 
think will happen as the water seeps through the clay.  Tell them to record their 
predictions on their Create a Cave Student Worksheets. 
 
Tell the students that they will now use the spray bottles to spray water on top of the 
clay.  Explain to the students that if the water does not seep into the toothpick holes 
that they may need to make the holes larger.  Tell the students that as the water seeps 
through the clay and into the sugar cubes they are to record their observations on their 
Create A Cave Student Worksheets. 
 
Pass out the spray bottles to the pairs or small groups of students.  Allow the students 
time to spray their cave models until the sugar cubes are no longer their original shape 
or they have completely dissolved.  On their Create a Cave Student Worksheets have the 
students describe what happened to the sugar cubes as the water seeped into their 
cave.  Tell the students to draw a picture of what their cave looks like at the conclusion 
of the activity. 
 
Wrap-Up/Conclusion 
Upon completion of the experiment and clean up of the students’ work stations discuss 
the results of the activity as a class.  Have pairs or small groups of students share what 
happened with their cave models.  Compare and contrast the results of the pairs or 
small groups of students.  Did any of the caves form exactly the same?  Tell the class 
that no two caves are exactly alike and that their activity helps demonstrate that all 
caves are unique. 
 
Project/display the “How Caves Form” interactive for the students to view 
(http://www.pbs.org/wgbh/nova/earth/how-caves-form.html).  As a class review how 
rainwater helps to form caves.  Ask the students if they can think of other ways that 
caves form. (waves, lava, bacteria)  As time allows investigate these other methods of 
how caves form using the interactive. 
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Lesson 7 – Create a Cave 
Student Worksheet 
 
Name: ___________________ 
 
Draw your cave model. 
Before:      After: 
  
 
What do you think will happen to the “limestone” as water seeps through 
the “topsoil”? __________________________________________________ 
_____________________________________________________________
_____________________________________________________________ 
 
Record your observations: ________________________________________ 
_____________________________________________________________
_____________________________________________________________ 
 
Conclusions: ___________________________________________________ 
_____________________________________________________________
_____________________________________________________________ 
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Lesson 8 – Dripping Crystals 
http://cavecurriculum.weebly.com/lesson-8---dripping-crystals.html  
 
 
Lesson 8 – Dripping Crystals 
 
Lesson Overview: 
This lesson will introduce students to cave formations, 
also known as speleothems, and the basic process in 
which they form. 
 
Objectives: 
Students will be able to:  
1. Define speleothem. 
2. Describe how stalactites and stalagmites form. 
3. Model stalactite and stalagmite formation. 
 
Standards Addressed: 
National Science Education Standards: 5th-8th grade 
 Content Standard A: Science as Inquiry 
 Content Standard B: Physical Science 
 Content Standard D: Earth and Space Science 
 
Duration of Lesson/Time Requirement: 40 minutes for the introduction and to set up 
the initial experiment.  Allow the students a few minutes during class over the next 
couple of days to record observations about their experiment.  Dedicate at least 10 
minutes during a future class period to wrap-up and discuss the results of the 
experiment. 
 
Materials Required: 
Pictures of decorated cave passages 
Pictures of stalactites and stalagmites 
Epsom salts (magnesium sulfate) 
Baking soda (sodium bicarbonate) - optional 
Washing soda (sodium carbonate) - optional 
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Warm water  
For each pair or small group of students: 
 2 cups or jars the same size (preferably clear/see-through) 
 1 piece of aluminum foil to make a “tray” or a small plate/saucer 
 1 spoon or stirrer 
 1 piece of cotton string or yarn (30-50 cm in length) 
 2 paper clips 
 Food coloring (optional) 
 Dripping Crystals Student Worksheet (1 per student)   
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
(optional) 
 
Set-Up: 
Gather materials necessary for Activity #2 and divide accordingly for pairs/small groups 
of students. 
 
Procedure: 
Introduction 
Explain to the students that now that they have investigated how caves are formed it is 
time to learn about what is found inside of them.  Ask the students to raise their hand if 
they have ever been inside of a cave.  What types of things did they see there?   
 
Activity #1 
Project pictures of decorated cave passages for the students to view or pass pictures 
around the classroom for them to look at.  Write/project the word “speleothem” for the 
students to view.  Ask the students if they have ever heard the word speleothem before 
and if they know what it means.  Tell the students that cave formations or decorations 
are called speleothems.  Speleothems are cave features formed by the deposition of 
minerals.  Explain to the students that the word speleothem is derived from the Greek 
words spelaion meaning “cave” (this should be review from Lesson #1) and thema 
meaning “deposit”.  Ask the students if they know the names of any types of 
speleothems.  The speleothems that most people are familiar with are stalactites and 
stalagmites.  Project/show the class pictures of stalactites and stalagmites and 
write/display the terms for them to view.  Ask the students if any of them know the 
difference between stalactites and stalagmites.  Tell the students that stalactites grow 
down from the cave ceiling while stalagmites grow up from the cave floor.  It is easy to 
remember which is which: Stalactites have a “c” for ceiling and hang tight to the ceiling 
while stalagmites have a “g” for ground and might grow up from the ground to reach 
the ceiling some day.   
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Ask the students if they know how stalactites, stalagmites, and other speleothems form.  
Tell the students that speleothems form because of water.  Have the students think 
about how caves form.  Review the process of cave formation.  Ask the students if they 
can explain what happens when rainwater or snow melt seeps through ground.  (As 
water passes through organic material such as decaying plants and animals it picks up 
carbon dioxide and creates a carbonic acid solution)  Explain to the students that as the 
weak acid passes through the joints and cracks in the limestone it dissolves the mineral 
calcite from the rock.  When the water that now holds the dissolved rock (the calcite) is 
exposed to the air in the cave it releases the carbon dioxide gas, much like when a can 
of soda pop is left on the counter (it degases and goes flat).  As the carbon dioxide is 
released, the calcite is precipitated (re-deposited) on the cave walls, ceilings, and floors.  
Over time the re-deposited minerals buildup to form speleothems.  If the water droplets 
enter the cave at a slow rate the calcite is re-deposited on the ceiling and stalactites 
may eventually form.  If the water droplets enter the cave at a faster rate they fall to the 
floor of the cave and the calcite is re-deposited there where a stalagmite may eventually 
form. 
 
Tell the students that speleothems form at varying rates.  Ask the students if they can 
think of different factors that may determine the rate of growth of a stalactite or a 
stalagmite.   
Explain to the students that two important factors which may affect the growth rate of 
speleothems include: 
1. The temperature outside the cave. 
2. The amount of rainfall/snowmelt. 
 
Ask the students if they can think of reasons why the temperature outside of a cave 
could influence the growth rate of the speleothems found inside of a cave.  Explain that 
the temperature outside of a cave can affect the rate of decay of plants and animals, 
therefore affecting the amount of carbon dioxide in the soil.  What would the result of 
less carbon dioxide in the soil be? (The water entering the cave would be less acidic and 
may not dissolve calcite from the limestone as easily.  This may result is less calcite 
being re-deposited in the cave and a slower rate of speleothem growth.)  What would 
the result of more carbon dioxide in the soil be? (The water entering the cave would be 
more acidic and therefore may dissolve and carry more calcite from the limestone with 
it.  This may result in more calcite being re-deposited in the cave and a faster rate of 
speleothem growth.) 
 
Ask the students if they can think of reasons why the amount of rainfall/snowmelt 
could influence the growth rate of the speleothems found inside a cave.  Explain to the 
students that the shapes of the speleothems are determined by how the acidic water 
enters the cave.  Water can enter a cave by dripping, seeping, or splashing.  The shapes 
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of speleothems are also determined by how the water stands or flows after entering 
the cave.   
 
Activity #2 
Tell the students that they will be participating in an experiment to show how water 
deposits minerals to create speleothems.  Explain that the process of speleothem 
formation may take hundreds, thousands, or even millions of years in a cave.  Tell the 
students that they are going to speed up the process in the classroom by using a 
concentrated solution and sunlight to aid in evaporation (if available). 
 
Divide the students into pairs or small groups.  Explain the procedure by demonstrating 
it to the students.  
 
Suggested Procedure: 
1. Using a spoon or stirrer dissolve as much of the chosen material (Epsom salt, 
washing soda, or baking soda) as possible into two cups one-half to three-
quarters full of very warm water.  Do this by adding several spoonfuls of the 
chosen material to the water in each cup and then stirring until it is completely 
dissolved.  It will be easier for the students to witness the material being 
dissolved if the cups are clear/see-through but it is not necessary.  Repeat this 
process until the solution is well concentrated.  A 2:1 ratio of material to water 
is ideal.  If desired, a couple of drops of food coloring can be added to the 
solution in each cup. 
2. Tie a paperclip to each end of the piece of cotton string.  Soak the piece of string 
in the solution until it is completely saturated.   
3. Fold the piece of aluminum foil to form a small tray.  This can be done by folding 
in the edges and molding the corners.  A small plate or saucer may also be used. 
4. If space allows place the cups near a window to allow the sunlight to aid in 
evaporation.  Lay the string on the cup so that one end of the string is well 
inside the solution in one cup and the other end of the string is well inside the 
solution in the other cup.  The middle section of the piece of string needs to dip 
below the water levels in the cups to create osmosis pull on the water.   
5. Place the aluminum tray between the two cups so that it is under the middle of 
the piece of string.  Put a small amount of dry material (Epsom salt, washing 
soda or baking soda depending on the solution being used) on the tray.  The 
distance between the middle section of the piece of string and the tray should 
be adjusted to minimize the amount of splattering that may occur.  This 
distance will depend on the height of the cups being used. 
6. Leave the cups for a couple of days.  It is important that they will not be moved 
or disturbed. 
 
   196 
 
 
 
Note:  The solution in the cups will drip onto the tray creating a “speleothem”.  Epsom 
salt and washing soda are likely to result in the growth of stalactites and stalagmites.  A 
speleothem known as a “column” may form if a stalactite and a stalagmite connect.  
Baking soda is likely to result in the formation of crystals along the piece of string.  This 
closely resembles speleothems known as “popcorn” and “frostwork” and will be 
discussed in Lesson #9.   
 
Students should see crystals forming within an hour or two after the initial set up of their 
experiment, however crystal growth may not happen every time.  If multiple solutions 
are being used students should notice that the crystals of the different solutions are 
different. 
 
Distribute the materials among the pairs or small groups of students.  Divide the class 
according to how many different solutions will be used.  Using two or more solutions 
will allow for a good comparison at the conclusion of the experiment.  Allow the pairs or 
small groups of students time to set up their experiments. 
 
Wrap-Up/Conclusion (During class period of initial set-up) 
Once all of the pairs or small groups of students have completed setting up their 
experiments explain to the students that just like it takes time for speleothems to form 
in a cave it will also take some time for their speleothems to form in the classroom.  Tell 
the students that over the next couple of days you will allow them a few minutes during 
the class period to record observations about their speleothem experiments on their 
Dripping Crystals Student Worksheets.  Encourage the students to write descriptions 
about what they observe and sketch what is happening with their speleothem 
experiments.  Pass out the Dripping Crystals Student Worksheets and allow the students 
a few minutes to record the status of their speleothem experiment on Day #1.  Tell the 
student to make sure to list what type of solution they are using (Epsom salts, washing 
soda or baking soda). 
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Over the next couple of days have the students check their experiments and record their 
observations.  Caution the students that once “speleothems” begin to form they are 
extremely fragile and any movement of the string could cause them to break.  If the 
students are extremely careful they may choose to use a ruler to record the length of 
any speleothem growth.   
 
Wrap-Up/Conclusion (During class period a couple of days after initial set-up) 
Display the word “speleothem” for the students to view.  Ask the students what a 
speleothem is.  What are examples of speleothems?  How do stalactites and stalagmites 
form?  What factors can affect the growth rate of speleothems.  Briefly, review the 
mechanisms of speleothem growth with the students. 
 
Discuss the results of the speleothem experiments as a class.  Have pairs or small groups 
of students share what they observed.  If multiple solutions were used ask the class if 
they observed any differences between the growth of their speleothem and the 
speleothems of their classmates.  Did the students notice crystals in other places than at 
the dip of the piece of string?  Where and why?  If the students are familiar with the 
term and process of osmosis ask them what property of water allows the string to stay 
wet and drip water. (Osmosis)  Ask the students what they noticed about the level of 
the water in the cups. (It went down)  What happened to the water? (Much of the water 
was pulled into the string and dripped onto the tray)  Ask the students if this would 
happen in an actual cave.  Explain that the water would drip and go further into the 
ground.  Ask the students what would happen if there was no recharge.  What would 
this mean to the cave system? (Less precipitation on the surface can result in less water 
percolating through the ground and less water entering the cave) 
 
Project pictures of decorated cave passages for the students to view.  Stress the 
uniqueness and fragility of speleothems.  Tell the students that deep within the earth, 
drop by drop, crystal by crystal, speleothems are forming on the floors, ceilings, and 
walls of caves.  Explain to the students that just like their “speleothems” were fragile, so 
are those found in caves.  What do they think would happen if a person was careless in a 
cave?  Ask the students to think about how long it may take a speleothem to form.  
Explain to the students that once damaged or destroyed, cave formations can never be 
replaced.  Ask the students what they could do to help protect speleothems (Educate 
others about how they are formed and how unique and fragile they are; If they visit a 
cave do not touch the speleothems; etc.) 
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Lesson 8 – Dripping Crystals 
Student Worksheet 
 
Name: ___________________ 
 
Speleothem Solution Type: _______________________________________ 
 
 Observations 
Day 1 
 
Day 2 
 
Day 3 
 
Day 4 
 
Day 5 
 
 
Conclusions:___________________________________________
______________________________________________________
______________________________________________________ 
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Lesson 9 – Speleothem Sleuths 
http://cavecurriculum.weebly.com/lesson-9---speleothem-sleuths.html  
 
Lesson 9 – Speleothem Sleuths 
 
Lesson Overview: 
There are many types of speleothems found in caves  
besides stalactites and stalagmites.  In this lesson 
students will individually research a specific type of  
speleothem and then creatively share their  
knowledge with their classmates.  
 
Objectives: 
Students will be able to: 
1. Independently research a type of speleothem using the Internet. 
2. Construct a visual aid/poster to communicate information about a type of 
speleothem. 
3. Orally present information about a type of speleothem to their classmates. 
 
Standards Addressed: 
National Science Education Standards: 5th-8th grade 
 Content Standard D: Earth and Space Science 
International Society for Technology in Education Standards for Students: 
 Creativity and Innovation 
 Research and Information Fluency 
 Technology Operations and Concepts 
 
Duration of Lesson/Time Requirement: 40 minutes; Additional class time required for 
student presentations and creation of the “Classroom Cave” 
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Materials Required: 
Pictures of decorated cave passages 
Pictures of speleothems other than stalactites and stalagmites 
Speleothem Sleuths Student Worksheet (1 per student) 
Art supplies for posters (cardstock/poster board, crayons, markers, colored pencils, etc.) 
Materials to create a “Classroom Cave” (if desirable) 
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
Several classroom computers with Internet connection for student use 
The Virtual Cave: http://www.goodearthgraphics.com/virtcave/virtmap.html 
  
Set-Up: 
Assign each student a speleothem to research.  This list can be displayed at the 
appropriate time during the lesson. 
 
Gather art supplies for students to create their visual aids/posters and/or give students 
notice ahead of time to bring their own materials to class on the day of the lesson. 
If desired, convert an area of the classroom into the “Classroom Cave”.  Get creative and 
allow the students to assist.  Decorate the area with cave related materials and student 
work from previous lessons.  Display the completed speleothem visual aids/posters in 
this area at the conclusion of the lesson. 
 
Procedure: 
Introduction 
Write/project the word “speleothem” for the students to view.  Review with the 
students what a speleothem is.  (cave features that form by the deposition of minerals)  
Ask the students to name two types of common speleothems. (stalactites and 
stalagmites)  Do they remember how to tell stalactites and stalagmites apart? 
(stalactites have a “c” for ceiling and hang tight to the ceiling; stalagmites have a “g” for 
ground and grow up from the ground and might reach the ceiling someday).  Review the 
basic process of speleothem formation with the students.  Project pictures of decorated 
cave passages for the students to view or pass pictures around the classroom for them 
to look at.  What types of speleothems do the students see in the pictures?  Do they see 
stalactites and stalagmites?  Are there other types of speleothems present?   
 
Project/show the students pictures of decorated cave passages that contain 
speleothems other than stalactites and stalagmites.  Tell the students that there are 
many different types of speleothems.  Explain to the students that they are each going 
to do some research and become an expert about a certain type of speleothem.  Tell 
the students that once they learn more about their speleothem they will create a visual 
display about it and then give a short presentation to their classmates.   
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Activity #1 
Display “The Virtual Cave” map for the students to view: 
http://www.goodearthgraphics.com/virtcave/virtmap.html.   
 
Explain to the students that they are each going to be assigned a speleothem to 
research while they explore the Virtual Cave.  Demonstrate to the students how to 
scroll over, select, and get more information about the speleothems in the Virtual Cave.  
Tell the students that they will each have to find out and record on their Speleothem 
Sleuths Student Worksheet the following information about their assigned speleothem: 
1. Name of speleothem. 
2. Process in which this speleothem forms. 
3. Specific caves where this speleothem is found (if applicable). 
4. Any additional information about the speleothem that they would like their 
classmates to know. 
Explain to the students that some of the descriptions are very scientific.  Stress the 
importance of answering the questions in their own words.   
 
Assign each student a speleothem.  A list of the speleothems found in the Virtual Cave is 
included at the end of this lesson.  The information provided for some of the 
speleothems is lengthy while others have minimal information.  Assigning a student 
more than one speleothem is acceptable. 
 
Pass out copies of the Speleothem Sleuths Student Worksheet for each student to 
record their information on.  Allow the students ample time to conduct their research 
and record the required information.  Tell the students that once they have become an 
expert about their speleothem they may continue to “explore” the Virtual Cave as time 
allows. 
 
Activity #2 
Once all of the students have completed their research, explain to them that they will 
now develop a creative way to share their expertise about their speleothem with their 
classmates. 
 
Tell the students that they are to create a poster about their assigned speleothem.  Each 
poster must include the information they were required to find out about their 
speleothem as well as a picture of what it looks like.  Explain to the students that they 
will be sharing their poster and what they learned with the rest of the class. 
 
Give each student a sheet of paper/card stock/posterboard and a variety of art supplies 
(crayons, markers, colored pencils, etc.).  Allow the students to work on their posters for 
the remainder of the class period.  If the students do not complete their posters during 
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class time, the poster can be assigned as homework or additional class time can be given 
to allow for completion. 
 
Wrap-Up/Conclusion  
Once the students have completed their posters designate class time to allow each 
student to briefly present what they learned about their assigned speleothem.  Each 
presentation should only be a couple of minutes in length.  Presentations can take place 
a couple at a time as time allows during other lessons or all at once. 
 
If possible, designate an area of the classroom as the “Classroom Cave”.  Decorate the 
area to look like a cave and display the students’ speleothem posters within it. 
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The Virtual Cave:  http://www.goodearthgraphics.com/virtcave/virtmap.html 
1. Aragonite & Frostwork* 
2. Baldacchino Canopies 
3. Balloons*** 
4. Bathtubs/Bathtub Stalagmite 
5. Bell Canopies/Bell Canopy Flowstone*** 
6. Blisters*** 
7. Bottlebrushes/Bottle Brush Stalactites 
8. Boxwork* 
9. Columns* 
10. Conulites 
11. Coralloids/Oriented Coralloids/Popcorn* 
12. Deflected Stalactites 
13. Draperies/Drapery* 
14. Fibrous forms/Fibrous Speleothems 
15. Flowstone* 
16. Folia 
17. Gypsum Flowers/Flowers 
18. Halite Flowers 
19. Helictites* 
20. Moonmilk 
21. Mud Stalagmites 
22. Pearls 
23. Pool Fingers 
24. Pool Spar 
25. Mammillaries/Cave Clouds 
26. Rafts 
27. Raft Cones/Tower Cones 
28. Rims 
29. Rimstone/Rimstone Dams 
30. Shelfstone 
31. Shields 
32. Showerheads 
33. Soda Straws/Soda Straw Stalactite* 
34. Splattermites 
35. Spar* 
36. Stalactites** 
37. Stalagmites** 
38. Trays 
 
*It is recommended to assign these formations first. 
**Students should already be familiar with stalactites and stalagmites, therefore it is not necessary to 
assign students these speleothems. 
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Lesson 9 – Speleothem Sleuths 
Student Worksheet 
 
Name: ___________________ 
 
Name of speleothem: ___________________________________________ 
 
How does this speleothem form? __________________________________ 
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________ 
 
Are there specific caves where this speleothem is found?  If so please list 
them._________________________________________________________
_____________________________________________________________
_____________________________________________________________ 
 
Additional information about this speleothem: _______________________ 
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________ 
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Lesson 10 – Cave Critters 
http://cavecurriculum.weebly.com/lesson-10---cave-critters.html  
 
 
Lesson 10 – Cave Critters 
 
Lesson Overview:  Students will learn that caves provide suitable 
habitat for wildlife species and that the animals found within caves 
have a variety of adaptations that allow them to survive in such a 
unique environment. 
 
Objectives: 
Students will be able to: 
1. Define “habitat”, “adaptation” and “biospeleology” 
2. Explain the difference between “trogloxene”, “troglophile”, and “troglobite” and 
give at least one example of each. 
3. Identify and describe adaptive advantages of animals found in and around caves. 
 
Standards Addressed: 
National Science Education Standards: 5th-8th grade 
 Content Standard C: Life Science 
 
Duration of Lesson/Time Requirement: 40 minutes; additional class time required for 
presentation of student created cave critters 
 
Materials Required: 
Pictures of different types of habitats 
Pictures of common plants and animals 
Pictures of “cave critters” 
 Accidentals 
 Trogloxenes 
 Troglophiles 
 Troglobites 
Diagram of different cave zones 
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Hungry Cave Critter Team Cards (Divide class evenly; 1 per student) 
 Wood/pack rat (nuts & seeds, cave insects, detritus, guano) 
 Cave shrimp (detritus, guano) 
 Cave fish (detritus, cave shrimp, cave fish, guano) 
 Cave crayfish (cave insects, detritus, cave shrimp, cave fish, guano) 
 Cave salamander (cave insects, detritus, guano) 
Hungry Cave Critters Food Cards (for group of 30) 
 Nuts & Seeds (10) 
 Cave Insects (15) 
 Detritus (20) 
 Cave Shrimp (10) 
 Cave Fish (10) 
 Guano (15) 
Various art supplies for creation of a “cave critter” 
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
(optional) 
 
Set-Up: 
Gather necessary materials.  Print off enough Hungry Cave Critter Team Cards and 
Hungry Cave Critter Food Cards for the class.  These can be laminated for future use. 
 
Procedure: 
Introduction 
Ask the students what animals they think of when they think of caves.  Explain that most 
people think primarily of bats when they think of cave dwelling animals.  However, there 
are many more creatures that live in caves.  In addition, there are insects and other 
animals that enter caves just to “visit”.  The study of cave life involves the animals found 
in a cave as well as the special environment in which they live. 
 
Ask the students: What do all animals, including humans, need to be able to live and 
survive? (food, water, shelter, and space suitable to an animal’s needs).  Introduce the 
term “habitat” or review it with the class if the students are already familiar with what it 
means.  If necessary show the students pictures of different types of habitats and 
compare/contrast them.  Explain that animals live in a habitat that meets their survival 
needs of food, water, shelter, and space.  There are many types of habitats including 
forests, wetlands, and deserts.  Each of these habitats provides what is necessary for 
certain animals to survive.  Tell the students that caves are important habitats, or 
homes, for many living things.  Ask the students if they would like to live in a cave and 
what they think it would be like. 
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Activity #1 
Tell the students that a large variety of animals live in caves.  Ask the students what 
reasons an animal might have for using a cave?   
Explain that animals can use a cave: 
 As a home to live in all of the time 
 As a temporary shelter 
 Because they like the darkness, temperature, or humidity 
 Because they live in or near the water within a cave 
 
Tell the students that all animals must adapt to their surroundings to survive.  Ask the 
students if they know what it means to “adapt”.  Explain to the students that plants and 
animals have different adaptations that allow them to survive in their habitats.  An 
adaptation refers to the way that plants and animals can adjust or change to be able to 
live where and how they do.  An adaptation can be a change in the physical appearance 
of the plant or animal or a change in its behavior that will help it survive.  Ask the 
students if they can name an adaptation that a plant or animal has.  If necessary 
project/show pictures of plants and animals that the class is familiar with and discuss 
their adaptations. 
 
Tell the students that animals that live in caves have adaptations that provide 
advantages for survival deep underground, where it is always totally dark and the 
temperature remains nearly constant.  Explain to the students that the atmosphere of a 
cave rarely changes, so a cave provides a relatively stable environment for an animal to 
live. 
 
Write/project the term “Biospeleology” for the students to view.  Ask the students if 
they know what it means.  Review the term “speleology” with the students.  The class 
should recall from previous lessons that “speleology” is the study of caves.  Ask the 
students if they have ever heard the term “bio” before.  Do they know what it means?  
Tell the students that “bio” comes from the Greek word “bios” which means “life”.  
Explain that “biospeleology” is the scientific study of the organisms (i.e. plants and 
animals) that live in caves.   
 
Explain to the students that biospeleologists classify animals that use caves based on the 
amount of time they spend in the cave environment and the animal’s dependence on 
that environment to provide its life survival needs (food, water, shelter, space).  Discuss 
the following groups of cave dwelling animals with the students.  Show pictures of 
examples and discuss their adaptations. 
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Accidentals 
Explain to the students that some animals accidently enter a cave by wandering in, 
falling into a sinkhole, or getting washed in during heavy rains.  These animals can exist 
in caves only temporarily because they cannot survive or reproduce underground.  If 
they do not leave the cave, they die and become food for other cave animals. 
Examples: frogs, fish, newts, turtles, cows, and deer 
 
Trogloxenes – “cave guests” 
Explain to the students that some animals find temporary shelter, a resting place, or a 
hunting ground in a cave. These animals are known as “trogloxenes”.  This name comes 
from the Greek words “troglo” meaning “cave’ and “xenos” meaning “guest”.  These 
cave guests spend much of their time above ground.  The cave provides a comfortable 
shelter, but the animal must periodically return to the surface for food or to mate.  
These animals never complete their entire life cycles in caves. 
Examples: bats, bears, foxes, pack rats, snakes, raccoons, moths, swallows, vultures, 
groundhogs, and people 
 
Troglophiles – “cave lovers” 
Explain to the students that some animals are adapted to spend their entire life in a 
cave, but they can also live in suitable habitat above ground.  These animals are called 
“troglophiles”.  This name comes from the Greek words “troglo” meaning “cave” and 
“phileo” meaning “love”.  These animals can complete their entire life cycle either above 
or below ground.   
Examples: beetles, crickets, terrestrial crayfish, springfish, terrestrial earthworms, 
millipedes, centipedes, and some salamanders 
 
Troglobites – “cave dwellers” 
Explain to the students that some animals are adapted to live their entire life in caves.  
These animals are called “troglobites”.  This name comes from the Greek words “troglo” 
meaning “cave” and “bios” meaning “life”.  Troglobites cannot survive above ground.  
The adaptations that cave dwellers have make them especially suited for their cave 
habitat.  Some troglobites are even adapted to certain conditions found in a specific 
cave, making them different from similar troglobites in other caves.  The adaptations 
that troglobites have help them find food, avoid predators, and complete their life 
cycles in the total darkness of a cave.  Common traits of cave dwellers include: long 
antennae and vibration sensory organs, a good sense of smell, long fins or legs, smaller 
bodies than surface species, low metabolic rates, few eggs, and long life spans.  Some 
troglobites have little or no pigmentation and small or no eyes in the adult stage. 
Examples: blind crayfish, blind cave fish, blind cave salamanders, cave millipedes, 
rhadinid beetles, cave isopods, cave amphipods, cave shrimp, and cave spiders 
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Ask the students where in a cave an animal might live.  Explain to the students that 
trogloxenes, troglophiles, and troglobites call different parts of a cave home.  Tell the 
students that the environment at the mouth of the cave differs greatly from the 
environment deep inside the cave.  Project/show the students a diagram of the different 
zones found within a cave (entrance zone, twilight zone, and dark zone).  Explain to the 
students that there are three different zones found within a cave and that the animals 
found within in each zone can be very different. 
 
 
 
Entrance Zone 
Explain to the students that the entrance zone is the area that most resembles the 
environment above ground.  It receives sunlight and has a variable temperature.  Green 
plants may grow in the entrance zone which may provide food and shelter for animals.  
Many animals may eat, sleep or nest here. 
 
Twilight Zone 
Explain to the students that the twilight zone is just beyond the entrance of the cave.  
There is much less light in the twilight zone with little or no vegetation.  The 
temperature is fairly constant but fluctuates some according to the weather outside of 
the cave.  Many trogloxenes, like bats, live here.  The animals found in the twilight zone 
usually enter and exit the cave when it is necessary. 
 
Dark Zone 
Explain to the students that the dark zone is the deepest part of the cave.  There is no 
natural light that enters into this part of the cave and it is one of the few places to 
experience total darkness (the other is the bottom of the ocean).  No vegetation is able 
to grow in this area and the temperature is constant.  The dark zone is where many 
troglobites live. 
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Activity #2  
Explain to the students that cave dwelling animals are adapted to exist on a limited food 
supply, since food is more scarce inside of a cave than it is on the surface.  All of the 
nutrients must be brought into the cave from the outside.  Ask the students what kinds 
of food might be found in caves and where it might come from.  Explain to the students 
the detritus (non-living organic material), seeds, nuts, and small animals (accidentals) 
can be carried into the cave by flowing water.  Insects and other animals that die inside 
a cave become food for other cave animals.  In addition, insect eggs and feces (guano) of 
bats, cave crickets, and other animals become a food source.  Explain that all organic 
matter is decomposed (broken down) by molds, fungus, and bacteria.  The nutrients 
become available to microscopic animals and insects which in turn are eaten by larger 
animals.  This transfer of energy and recycling organic matter by interconnected food 
chains within the cave environment is called a food web. 
 
Tell the students that inside a cave there can be food generalists, such as cave crayfish, 
which eat a variety of food.  There are also picky eaters or food specialists, like the 
guano beetle, which eat very specific foods.  Explain to the students that sudden 
changes in the cave environment can threaten or eliminate entire populations of cave 
adapted specialists.  For instance, if bats stopped living in a cave, the major food source 
would be gone for guano-eating animals. 
 
 Explain to the students that they are going to participate in an activity that will illustrate 
a cave ecosystem.  Tell the students that inside this cave there are wood/pack rats, cave 
shrimp, cave fish, cave crayfish, and cave salamanders.  Tell the students that they are 
each going to receive a card.  On one side of the card it will tell them what cave critter 
they are and on the other side of the card it will describe what they eat.  Tell the 
students that their cave critter identity is a secret and they should not share it with their 
fellow classmates.  Divide the class into 5 equal groups by passing out the Hungry Cave 
Critter Cards. 
 
Once the students have received their Hungry Cave Critter Cards scatter the Hungry 
Cave Critter Food Cards face down throughout the classroom (Note: This activity can be 
done outside in a large open space if time and weather allows).  Explain to the students 
that when you give the signal they are to collect as many food cards as they can.  When 
you give another signal they are to stop.  Explain to the students that they can only pick 
one card up at a time and if they pick something up that they cannot eat they must 
return it face down on the ground.  Once the students understand the directions and 
are ready, give the signal to begin. 
 
After a set amount of time give the signal to stop.  Gather the students together and get 
their attention.  Explain to the students that each animal needed at least three food 
cards to survive.  Count up the number of animals who “survived” and those that “died” 
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and record and/or graph them for the students to view.  Tell the students that they are 
going to do the activity again.  “Dead” animals can either exit/wait out the game or 
return as new “young animals” born inside the cave.  Return the food cards face down 
in the designated playing area, however, this time remove 5 cards of nuts & seeds and 
10 cards of detritus.  Explain to the students that one of the entrances to the cave 
sealed shut and no food can wash in.  Repeat the activity.  Which animals survived the 
second time?  Record and/or graph the results.  Continue the activity as time allows.  
Manipulate the number of cards and type of cards to cause different numbers of cave 
animals to survive or die in each round.  Do this by using different scenarios such as: 
 Explain that the bats in the cave were disturbed and left the cave.  Remove all of 
the bat guano cards. 
 Explain that a predator, such as a raccoon, enters the cave and eats the cave 
insects, cave shrimp, and/or crayfish.  Remove some or all of these cards. 
 A drought occurs on the surface which means there is less detritus.  Remove the 
detritus cards. 
 A flood washes additional detritus and/or nuts & seeds into the cave entrance.  
Add more detritus and/or nuts & seeds cards. 
 Groundwater pollution kills the cave shrimp and/or cave crayfish.  Remove the 
cave shrimp and cave crayfish cards. 
This illustrates the up and down variances in population numbers due to natural and 
human-related events.  Record the number of survivors for each round and graph the 
results.  Discuss the results with the class at the end of the activity. 
 
Wrap-Up/Conclusion  
Review the definition of “adaptation” with the students.  Briefly discuss several types of 
animals found in caves and their various adaptations.  Create a list of the adaptations 
these animals have that allow them to survive in a cave ecosystem.   
 
Explain to the students that the cave ecosystem is very fragile.  Numbers of organisms 
living in a cave are very small in comparison to populations on the surface.  Human 
activities can easily upset the delicate natural balance existing in a cave environment.  
Due to pollution or destruction of caves many organism are listed as endangered 
species, meaning they are in danger of becoming extinct, or gone forever. 
 
Apart from the simple loss of the species, extinction of cave organisms becomes a loss 
of scientific resources.  Tell the students that biospeleologists have been studying caves 
and their inhabitants for years.  Some of the benefits from this research include 
identifying and cataloging new organisms; discovering mechanisms that control 
hibernation, fertility, and metabolism; developing new drugs from cave molds; and 
discovering species of bacteria that have cancer-killing ability. 
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Tell the students that as biospeleologists they have just discovered a new species of 
cave critter.  Have the students work independently or in small groups to design and 
create a cave critter using a variety of art supplies.  Tell the students that their cave 
critter must have several of the listed adaptations.  Encourage creativity.  Have the 
students write a description of their cave critter including the purpose of its 
adaptations.  Have the students answer the following questions: 
 Where is the cave critter found in the cave? 
 Why does the cave critter use the cave? 
 Is the cave critter an accidental, a trogloxene, a troglobite, or a troglophile? 
 What does the cave critter eat?  Is it a food generalist or a food specialist? 
 
As time allows in future class periods have each student or small group of students 
share their cave critter and explain the adaptations.  Students may then add it to the 
“Classroom Cave”. 
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Lesson 10 – Cave Critters 
Hungry Cave Critters Team Cards 
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Lesson 10 – Cave Critters 
Hungry Cave Critters Food Cards 
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Lesson 11 – People & Caves 
http://cavecurriculum.weebly.com/lesson-11---people--caves.html  
 
 
Lesson 11 – People & Caves 
 
Lesson Overview:   
This lesson summarizes the many ways that humans  
have used caves historically as well as their current uses. 
Students are able to create their own cave art  
as an optional activity. 
 
Objectives:  
Students will be able to:  
1. List at least 2 ways people use caves. 
 
Standards Addressed:  
National Science Education Standards: 5th-8th grade 
 Content Standard C: Life Science 
 Content Standard F: Science in Personal and Social Perspectives 
International Society for Technology in Education Standards for Students 
 Research and Information Fluency 
 
Duration of Lesson/Time Requirement: 40 minutes 
 
Materials Required: 
Pictures of rock art from Chauvet Cave in France 
Colored chalk 
Mural, butcher, or sheets of Manila paper 
Tape 
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
Microsoft PowerPoint 
Several classroom computers with Internet connection for student use (optional) 
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Interactive map of Chauvet Cave: 
 http://www.culture.gouv.fr/culture/arcnat/chauvet/en/index.html  
For additional information about Chauvet Cave: 
http://www.metmuseum.org/toah/hd/chav/hd_chav.htm  
http://www.culture.gouv.fr/culture/arcnat/chauvet/en/index.html  
http://www.bradshawfoundation.com/chauvet/index.php 
http://ngm.nationalgeographic.com/ngm/data/2001/08/01/html/ft_20010801.6
.html  
Survey Monkey (http://www.surveymonkey.com/) (optional) 
 
Set-Up: 
Gather necessary materials. 
 
Procedure: 
Introduction 
Tell the students that caves have always held awe and fascination for humans.  Ask the 
students what attracts people to caves both today and throughout history.  Discuss their 
answers and create a list for the class to view.   
 
Activity #1 
Present “People & Caves” to the class.  This presentation can be projected for the class 
using Microsoft PowerPoint or a SMART Board.  A script is provided and can be used as 
is or modified to create a more personalized presentation.  The file can be accessed at 
http://db.tt/pMnJ6mwn  
 
Activity #2  
Project/show the students several pictures from Chauvet Cave.  Tell the students that 
Chauvet Cave is a cave located in southern France that contains the earliest known cave 
paintings as well as fossilized remains, prints, and markings from a variety of animals, 
some which are now extinct.  Explain that the cave was first explored by a group of 
three cavers in December 1994 and since that time hundreds of paintings have been 
catalogued including numerous realistic animals such as the ibex, mammoth, giant stags, 
horses, lions, bears, rhinos, and even an owl. 
 
If time allows project the website: 
http://www.culture.gouv.fr/culture/arcnat/chauvet/en/index.html or allow pairs or 
small groups of students to view the website on individual classroom computers.  This 
website depicts an interactive map of Chauvet Cave.  Students can investigate the map 
as a class together or in smaller groups. 
  
After the students have viewed several examples of the cave paintings found within 
Chauvet Cave brainstorm possible interpretations of the art and why such drawings 
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might have been created in hidden places.  Determine, through discussion, the ways 
these art discoveries can promote understanding of past life.  Compare ancient cave art 
to methods that modern life styles are preserved for the future (e.g. photographs, 
videos, books, statues, etc.) 
 
Tape mural, butcher, or sheets of Manila paper to the underside of desks or tables.  
Allow students time to lie on their backs and use colored chalk to create their own “cave 
art”.  Display the cave art in the “Classroom Cave”. 
 
Wrap-Up/Conclusion  
Once all of the students have viewed “People & Caves” tell them that it is time to find 
out what they have learned. 
 
As an educator you have several options to assess what your students have learned. 
1. Create an online quiz for your students to complete using SurveyMonkey 
(www.surveymonkey.com).  You can use the template provided or create your 
own. 
2. Print off the “People & Caves” quiz and give it to your students to complete.  The 
answer key is included. 
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Lesson 11 – People & Caves 
PowerPoint Slides & Script 
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Lesson 11 – People & Caves 
Sample Quiz & Answer Sheet 
 
People & Caves Quiz 
 
Name: _________________________________ 
 
1. List 3 ways that people have used or continue to use caves. 
a. _____________________________________ 
b. _____________________________________ 
c. _____________________________________ 
 
2. Why are caves good at preserving cultural and historical artifacts? 
_____________________________________________________________________
_____________________________________________________________________ 
 
3. What can cave artifacts tell us about past human civilizations? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
4. What is saltpeter used for? 
_____________________________________________________________________
_____________________________________________________________________ 
 
5. What are people who explore caves called? _________________________________ 
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Answers 
1. Numerous correct answers are possible 
 
2. Near constant conditions 
 
3. How early cultures hunted for food or if they cultivated crops 
 
4. Saltpeter is the main component of black powder which is used to power shot from 
cannons and balls from rifles.  It is commonly used today for blasting fuses and for 
fireworks. 
 
5. Cavers or spelunkers 
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Lesson 12 – Let’s Go Caving! 
http://cavecurriculum.weebly.com/lesson-12---lets-go-caving.html  
 
 
Lesson 12 – Let’s Go Caving! 
 
Lesson Overview:   
In this lesson students will become familiar with the proper 
gear/equipment and skills required to participate in the 
responsible exploration of caves. 
 
Objectives: 
Students will be able to: 
1. Describe at least 2 items of gear/equipment cavers use and the purpose of each. 
2. Demonstrate at least 2 skills required for responsible caving. 
 
Standards Addressed: 
National Science Education Standards: 5th-8th grade 
 Content Standard C: Life Science 
 Content Standard F: Science in Personal and Social Perspectives 
 
Duration of Lesson/Time Requirement: 40 minutes; Additional class period required for 
Activity #3 (optional) 
 
Materials Required: 
Pictures of people caving 
Props or pictures/illustrations of caving gear/equipment for Activity #1 
 Helmet 
 Headlamp & additional light sources 
 Old rugged clothing 
 Hiking boots 
 Gloves 
 Knee & elbow pads 
 Cave pack 
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 Food & water 
Example of a cave map 
Materials to create/expand the “Classroom Cave” for Activity #3 (optional) 
Light sources for students to use in the “Classroom Cave” 
 Students can bring flashlights/headlamps from home 
Dry erase board/large piece of paper with the “Rules of 3 for Caving” written on it 
(optional) 
 
Classroom Technology: 
Computer with Microsoft PowerPoint and projection capabilities or SMART Board 
National Speleological Society’s Search for a Local Grotto: 
http://www.nssio.org/Find_Grotto.cfm 
 
Set-Up: 
If using a student volunteer for Activity #1 gather the necessary gear/equipment prior to 
the class period.  If using the pictures/illustrations of gear/equipment for Activity #1 
print and cut out the template provided.   
If completing Activity #3 gather the necessary materials to create/expand the 
“Classroom Cave”.  Set up the “Classroom Cave” prior to the class period designated for 
the activity. 
 
Procedure: 
Introduction 
Ask the students how many of them enjoy going to new places and seeing new things.  
Would they consider themselves explorers?  What does it mean to explore or be an 
explorer? 
Exploration = 
 To look into closely; scrutinize; examine 
 To investigate, study, or analyze 
 To travel over (new territory) for adventure or discovery 
 
Explain to the students that the exploration of caves takes people just like themselves 
into a world much different from that above ground.  The world of a cave is one of rock, 
mud, and darkness where an explorer can encounter exotic formations, streams and 
waterfalls, tight crawlways, deep canyons and pits, huge rooms, cave crickets and bats. 
 
Cave exploring (also known as caving or spelunking) is the art of safely moving through a 
natural cave to a destination and returning to the surface without hurting yourself or 
the cave. 
 
Spelunkers, commonly called cavers, explore caves for many reasons.   Caving can be a 
strenuous sport, a casual hobby, a means to conducting scientific research, or all of 
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these and more.  Some cave scientists are interested in the adaptations of cave 
organisms to their unique conditions.  New knowledge of how these creatures survive 
may provide sources for modern medicines and other technologies.  Other cave 
scientists are interested in how caves are formed.  Some cavers explore the cave 
systems to help landowners and towns learn about their underground resources and 
how to protect them.  Cavers promote an understanding of caves, their contents, and 
the areas in which they formed. 
 
Activity #1 
Note:  This activity can be completed using props or pictures of the required caving 
gear/equipment.  If using props select a student volunteer to become a caver and 
physically “dress up” the student with the props as you explain each piece of 
gear/equipment.  If props are unavailable use the pictures of caving gear/equipment 
provided to “dress” an outline of a person into a caver.  Personalizing the human figure 
to represent someone the students are familiar with is encouraged.  
 
Tell the students that in order to explore a cave safely cavers need the right 
gear/equipment and the right skills.  Explain that the gear/equipment required will 
depend on what type of cave is being visited since the amount of water and 
temperature will vary from cave to cave. 
Select a volunteer student to “become a caver” or display the outline of a person.  Ask 
the students what gear/equipment is needed to turn someone into a caver.  “Dress the 
caver” based on what the students recommend.  Discuss the necessity and importance 
of each piece of gear/equipment as it is added to the “caver”. 
 
At a minimum caving requires: 
Head Protection:  Caves are made out of rock and rock hurts when you smack your head 
into it (and your other body parts too for that matter).  Safety is the #1 concern while 
caving.  Every caver should be wearing a helmet with a chinstrap to provide protection 
against low ceilings and outcroppings, falls, and falling rocks.  Standing up too quickly in 
a low area or running into a low section of ceiling or projections while concentrating on 
your footing are all too common while caving, and falling objects are a real hazard when 
other cavers are climbing above you. 
 
The ideal type of helmet for most caving activities is a climbing style helmet which 
provides impact protection and shock absorption to protect the head.  An essential part 
of the helmet should be a sturdy, non-elastic chin strap equipped with a quick release 
and three or four point mounting.  The helmet should stay on during a fall but be easily 
released if it should become wedged.  Cavers affectionately refer to their helmets as 
“brain buckets”.   
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Lighting:  Caves are dark places.  In fact, the dark zone of a cave is one of the few places 
on Earth that people can go to experience something known as “total darkness”.  Total 
darkness means that there is no natural light entering into the cave in that area so the 
only light cavers have available to them is the light that they bring into the cave with 
them.  
 
Traveling through most caves requires using your hands for climbing and balance.  This 
can be difficult and unsafe to accomplish while holding a flashlight, so the primary light 
source for cavers is a hands-free light such as a headlamp.  Headlamps come in all 
shapes and sizes but, in general, they can easily be attached and/or mounted to the 
caver’s helmet.  This leaves the caver’s hands free for safely maneuvering through the 
cave. 
 
What would happen if a caver only brought one headlamp or one flashlight into a cave 
and the batteries died or it fell down a pit?  This is why cavers bring in at least two 
additional sources of light besides their primary headlamp.  A second headlamp and a 
good quality small flashlight make great backup sources of light.  Additional light sources 
can be attached to the helmet or worn around the caver’s neck for easy access.  It is also 
a good idea to bring spare batteries and bulbs into the cave as well. 
 
Clothing: You probably do not want to wear your nicest clothes caving since they will 
get dirty and wet.  The type and amount of clothing cavers wear depends on the type of 
cave they are exploring.  The temperature of the cave, how wet it is, and the length and 
type of the cave trip will affect the type of clothing needed to be comfortable.  Old 
sturdy clothing that helps protect from abrasion and helps retain some body heat is 
ideal.  Taking along some extra clothing or having a dry set of clothes to change into 
after the caving trip is recommended. 
 
Boots/Footwear: Cavers most likely will encounter rock climbing sections while 
underground, with the added excitement of darkness and wet, slippery, and possibly 
muddy rock.  Sturdy hiking boots with non-marking soles that provide good ankle 
protection and good traction are recommended for caving.  The fit should be snug and 
they should keep your feet dry and warm.  Keep in mind they will get wet and muddy! 
   
Gloves: Wearing gloves while caving not only helps protect a caver’s hands from cuts 
and abrasions but also helps to protect the cave.  Humans (and all mammals) have oils 
on our skin and when we accidentally touch the rocks and formations within a cave the 
oils seep into the tiny holes within them.  This discolors the formations and can also 
prevent them from growing any larger.  Gloves come in many shapes and types 
(waterproof, winter, gardening, etc).  The type of gloves used by a caver is mainly 
personal preference.  When choosing gloves it is important that they will not impede a 
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caver’s grip as they negotiate cracks in the rock but they still provide some protection 
and warmth. 
 
Knee Pads: When crawling around on rock for long periods of time it is helpful to have a 
little extra padding for comfort, therefore cavers wear knee pads to help protect their 
knees and shins.   
 
Elbow Pads: Elbow pads are not essential and are not worn by all cavers but they do 
help protect your elbows on crawls through long passages. 
 
Cave pack (optional): Most cavers carry a sturdy pack when caving to hold extra 
supplies such as bulbs, batteries, clothing, food, drinking water, etc.  It should be small 
in size with two shoulder straps and be made of a heavy, durable material and 
preferably be waterproof.  Depending on the length and nature of the caving trip it is 
not always necessary for each individual caver to carry their own pack.  
 
Food & water (optional): When going on a lengthy caving trip bring some drinking 
water as well as high energy snacks such as protein bars, granola bars and nuts.   
 
Note:  If a student volunteer has been “dressed” as a caver have the class give them a 
big round of applause at this time.  As the student is “undressed” review each piece of 
gear/equipment with the class and why it is necessary.  Thank the student volunteer and 
have them return to their seat. 
 
Activity #2 
Now that we have spent some time learning more about the proper gear/equipment 
caving requires, what skills does a caver need?  Explain to the students that different 
caves have different technical demands.  Most of the skills required to go caving can be 
developed by actively participating in cave trips with more experienced cavers and by 
watching how they move through the cave and maneuver various obstacles.  Cavers 
typically learn what not to do by making mistakes and suffering a few bumps and 
bruises along the way. 
 
For most caving, cavers use a combination of climbing and hiking techniques to move.  
Cavers spend a lot of time crawling and figuring out how to move their bodies through 
spaces of varying sizes and shapes.   
Skills that cavers should know include: 
 Proper stooping techniques 
 Basic hands-and-knees crawling 
 Belly crawling 
 How to move through a squeeze 
Other useful skills include: 
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 Chimneying (climbing up a vertical crack or passage whose walls are close 
together) 
 How to read a cave map 
o Display or pass around several examples of cave maps for the student to 
view 
Note: It is recommended to have the students test some of the caving skills listed above 
by demonstrating stooping, hands-and-knees crawling, belly crawling, and moving 
through a squeeze.  This can be done by setting up a short obstacle course inside the 
classroom or having the students carefully maneuver around the classroom furnishings 
while the educator calls out a skill.  A “squeeze” can be created by moving several chairs 
together or using several cardboard boxes of various sizes that are attached together.  
Students who are not comfortable displaying these actions should not be forced to 
participate.  If Activity #3 is planned these skills can be incorporated into it. 
 
Activity #3 (optional) – additional class period required 
Prior to the start of class expand/create the “Classroom Cave”.  Use tables, desks, chairs, 
cardboard boxes, dark sheets and blankets to create rooms and passageways.  Decorate 
the rooms and passages with materials that the students have developed about caves 
throughout the previous lessons.  Create speleothems and other obstacles.  Get 
creative!  Hang up drinking straws to represent soda straws.  Scatter popcorn in areas to 
represent cave popcorn.  Use paper/plastic cups and paper tubes to represent other 
cave formations.  Add some plastic or stuffed animals to represent cave critters such as 
bats, salamanders, and crickets.  Include some rock art and artifacts left by previous 
visitors.  It is recommended to make the door to the classroom the “cave entrance”.  
This can be done by hanging a sheet/curtain in the doorway and having the “cave 
entrance” be a cardboard box that the students will have to crawl through.  Have a 
separate “cave exit”.  This will allow the students to travel in a single file line one-way 
through the Classroom Cave. 
 
On the day of the activity turn off the lights and make the classroom as dark as possible.  
Gather the students in an area where they cannot see the “cave” (e.g. in a different 
classroom).  Even though the Classroom Cave is not a “real cave” and the students will 
be lacking “real” caving gear it is important to treat this activity as if it is a real caving 
experience.  
 
Greet the students and ask them if they are ready to go caving.  Explain that they will be 
exploring the Classroom Cave and discovering the wonders that it contains inside.  
Review the proper gear/equipment required for going on a caving trip.  Discuss what 
skills the students might need to be able to make their way safely and responsibly 
through the Classroom Cave. 
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Display the “Rules of 3 for Caving” and explain and discuss them with the class. 
 
Rules of 3 for Caving: 
1. Always cave in groups of at least three people.  Never explore a cave alone.  
Why? (If someone gets hurt then 1 person can stay with that individual while the 
other person can exit the cave to get help) 
2. Always tell three people where you are going and when you will be out of the 
cave.  Why? (If you are not out of the cave when you are expected to be people 
will know where you are and can come looking for you) 
3. Always have three independent sources of light.  Why? (Caves are very dark 
places.  If something happens to your primary source of light then you have 2 
backup sources of light to help guide your way safely through the cave) 
4. Use three points of contact on climbs.  Why? (If you are climbing up an area in a 
cave and your foot slips you will have at least 2 other points of contact with the 
cave to hold you securely in place and prevent you from falling and/or getting 
injured) 
 
Tell the students that responsible caving is a team activity and not a competition.  
Explain that cavers think and act as a unit underground to ensure a safe trip.  The 
actions or attitude of a single member can jeopardize the safety of the whole team, 
resulting in injury or death.  Tell the students that their #1 priority in the Classroom Cave 
today is safety.  As they enter into the Classroom Cave they are to move through in a 
single file line.  The group will move only as fast as the team’s slowest member and they 
must stay in voice contact with their teammates.  After negotiating any obstacles they 
should assist the person behind them.  Remind the students to: 
 Stay on established trails to help keep other areas of the cave pristine 
 Do not damage formations or other surfaces of the cave 
 Avoid disturbing cave organisms or their environment 
 Pack out everything they bring into the cave 
 Do not disturb artifacts (archeological or paleontological) 
 
Make sure that each student has a light source and allow them to enter into the 
Classroom Cave.     
 
After all of the students have safely made their way through the Classroom Cave, gather 
the class together.  Have the students discuss their experience.   
 
Wrap-Up/Conclusion 
Explain to the students that caving is becoming increasingly popular in all areas of the 
world.  Ask the students what they think will happen as more and more people visit 
caves.  What kinds of impacts could increased visitation to caves have?  How can we 
protect these amazing underground areas?    
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Tell the students that caves are full of beauty and mystery found nowhere else.  They 
are also fragile.  As growing numbers of people seek understanding and adventure 
underground our mark on caves increases dramatically.  Responsible caving helps 
preserve the cave environment while enjoying it.  Cavers are responsible for protecting 
themselves, other cavers, and the caves they visit.   
The Three Basic Rules of Caving are: 
1. Take Nothing but Pictures – Leave everything the way you found it so others can 
appreciate the cave the same way you did. 
2. Leave Nothing but Footprints – Minimize your impact to the cave.  Do not leave 
crumbs, trash or human waste in the cave.  Do not vandalize the cave by 
destroying formations or leaving graffiti.  Minimize the impacts of your 
footprints by sticking to established trails and be careful to step where those 
before you have already stepped. 
3. Kill Nothing but Time – You are the visitor to the cave so leave the natural 
inhabitants alone. 
 
Ask the students if any of them are interested in going caving or becoming a caver.  Tell 
the students that every state has at least one caving club or grotto (which is another 
word for a cave).  Grottos are local chapters of the National Speleological Society (NSS).  
Grottos are one of the best places to get involved with caving since they provide 
beginner trips and training opportunities.   
 
Project the website: http://www.nssio.org/Find_Grotto.cfm for the class to view.  Select 
your state to display the grottos located there.  Allow students who are interested to 
record the contact information.  Encourage the students to contact members of the 
local grotto in order to learn more about responsible caving and about the caves where 
they live. 
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Lesson 12 – Let’s Go Caving! 
Dress a Caver 
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Lesson 12 – Let’s Go Caving! 
Cap Map 
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Lesson 13 – Are There Caves Near You? 
http://cavecurriculum.weebly.com/lesson-13---are-there-caves-near-you.html  
 
 
Lesson 13 – Are There Caves Near You? 
 
Lesson Overview:   
Students will investigate whether or not there are caves  
located near where they live/go to school. 
 
Objectives: 
Students will be able to: 
1. Explain why caves are or are not located where they live/go to school. 
 
Standards Addressed: 
National Science Education Standards: 5th-8th grade 
 Content Standard D: Earth and Space Science 
International Society for Technology in Education Standards for Students: 
 Creativity and Innovation 
 Communication and Collaboration 
 Research and Information Fluency 
 Critical thinking, Problem Solving, and Decision Making 
 Technology Operations and Concepts 
 
Duration of Lesson/Time Requirement: 40 minutes; Additional time required for 
optional activities 
 
Materials Required: 
Picture of a cave (optional) 
USA Longest Caves by State Student Worksheet (1 per student) 
Geology of My State Student Worksheet (1 per student) 
 
Classroom Technology: 
Computer with Internet connection and projection capabilities and/or SMART Board 
Several classroom computers with Internet connection for student use 
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USA Longest Caves by State (http://www.caverbob.com/)  
Google Earth (optional) 
National Atlas.gov (http://www.nationalatlas.gov/) 
Wordle (http://www.wordle.net/)  
 
Set-Up: 
Gather materials necessary. 
 
Procedure: 
Introduction 
Display a picture of a cave and/or write the word “cave” for the students to see.  Ask the 
students what a cave is.  What is the study of caves called? (speleology)  Ask the 
students if they think there are caves close to where they live/go to school.  Why or why 
not?  Discuss.  
 
Tell the class that they are going to spend some time investigating whether or not caves 
are located where they live/go to school. 
 
Activity #1 
The list of the USA longest caves by state is located on the website 
http://www.caverbob.com/.  Explain to the students that they are to visit the website 
and look up whether or not any caves are listed for the state in which they live.  They 
will record this information on the USA Longest Caves by State Student Worksheet.  Tell 
the students that the states are listed alphabetically and that the caves are listed by 
current known length with the longest cave in the state being listed first.  Information 
provided about each cave includes: 
1. Rank in state 
2. Cave name (Note: The type of cave will be listed in parentheses following the 
cave name if it is not a limestone cave e.g. saltpeter, lava tube, gypsum, etc) 
3. County where the cave is located 
4. Length of cave (in miles) 
5. Length of cave (in meters) 
6. Depth of cave (in feet) 
7. Depth of cave (in meters) 
Explain to the students that the caves listed are only those that have been mapped.  If 
no caves are listed for the state that does not necessarily mean that there are not any 
caves.  There may still be caves located in the state but they have not been mapped 
and/or that data has not been submitted to the website.  Have the students work 
individually or in pairs/small groups at several computers to accomplish this task.  If no 
caves are listed for the state in which the students live/go to school have them 
speculate as to the reasons why caves may not be found in their area. 
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Optional activity to be completed if time allows: 
If caves are listed for the state in which the students live/go to school project Google 
Earth on a large screen for the class to view.  Create a “placemark” for the school.  Have 
the students create placemarks for the caves listed for the state.  This will create a good 
visual as to where the caves are located in relation to the location of the school. 
 
Activity #2 
Review with the class the process in which caves form.  What type of rock are caves 
most commonly found within? (sedimentary rock/limestone)  Ask the students if they 
are familiar with the rock types found where they live/go to school.  Have the students 
work individually or in pairs/small groups to investigate the rock type in their state and 
local area using National Atlas.gov (http://www.nationalatlas.gov/) 
Project National Atlas.gov (http://nationalatlas.gov/) for the class to view.  Explain to 
the students that they are to use the Map Maker feature to locate the state in which 
they live and investigate the geology of it.  If necessary give a brief demonstration to 
review how to use Map Maker. 
 
On the website http://www.nationalatlas.gov/ click on “Map Maker”.   
In Map Maker: 
1. Under “Basic Maps” select: 
a. Counties 
b. Latitude/Longitude 
(optional) 
c. States 
d. State names 
2. Under “Geology” select: 
a. Geologic Map 
b. Labels (optional) 
3. Select “Redraw Map” 
4. Select “Zoom to State(s)” 
5. Use the drop down menu to select the state in which the students live/go to school. 
6. Look at the rock types found in the state.  Zoom in and out as necessary.  Use the 
colors, labels and “Map Key” to identify the rock types found throughout the state. 
 
Allow each individual student or pair/small group time to investigate the geology of the 
state where they live/go to school using Nationalatlas.gov.  Tell them to record the 
information they discovered on the Geology of My State Student Worksheet.  The 
students do not have to get too specific.  They can use the Geologic Map Key to 
determine if the rocks are sedimentary, volcanic (igneous), plutonic, or metamorphic. 
Tell the students that you would like them to investigate the geology of their 
town/school. 
   259 
 
In Map Maker 
1. Select “Find” 
2. Enter a name to search (e.g. the name of the 
school, the city & state where the students live)  
3. Select “Find It!” (Note: multiple records may be 
found and students will have to select the 
feature name that best matches their search) 
4. Select “Zoom to Feature” 
5. Use the colors, labels, and “Map Key” to identify 
the rock type for the school and/or city and 
state where the students are located.  Zoom in 
and out as necessary. 
 
Allow each individual student or pair/small group time to investigate the geology of 
where they live/go to school using Nationalatlas.gov.  Tell them to record the 
information they discovered on the Geology of My State Student Worksheet.   
As a class discuss the students’ findings regarding the geology of their state and local 
area.  Ask questions such as: 
 What rock types are found throughout the state?  Are these rock types likely to 
have caves found within them? 
 What is the rock type found where their school/town is located?  Is this a rock 
type that is likely to have caves found within it?   
 Are there caves found near their school/town?  Why or why not?   
 
Optional activity to be completed if time allows: 
If caves were listed for the state in which the students live/go to school on the website 
http://www.caverbob.com/.  Use National Atlas.gov to “Find” several of the caves.  This 
most likely will have to be done by entering the name of the county that the cave is 
located in.  Compare/contrast the geology of the location of the caves with that of the 
location of the school/town where the students live.  This can also be done by projecting 
side by side images of the placemarks saved using Google Earth and the geologic map of 
the state using National Atlas. 
 
Wrap-Up/Conclusion 
Tell the students that they have become quite the “speleologists” spending time 
learning about caves.  With all of their new knowledge about caves what do they think 
of now when they hear or see the word “cave”.  Allow several of the students to share 
their answers.  Record and discuss as a class. 
 
Have each student use Wordle (http://www.wordle.net/) to generate a “word cloud” 
about caves.*  The students should include at least 10 different thoughts and feelings 
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that they have about caves.  Have their opinions about caves changed as they learned 
more about them? 
 
Encourage the students to experiment with different fonts, layouts, and color schemes.  
Once each student is satisfied with his/her “wordle” have them print it out.  Have each 
student compare/contrast this wordle with the original wordle they created in Lesson 
#1.  Discuss as a class.  
 
*If the technology to complete this activity is not available have the each student create 
their “word cloud” about caves on a sheet of paper or poster board.  They can use a 
variety of different supplies (crayons, colored pencils, markers, etc.) to express how they 
feel about caves.   
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Lesson 13 – Are There Caves Near You? 
USA Longest Caves by State Student Worksheet 
 
Name: ___________________ 
What state is our school located in? ________________________________ 
What county is our school located in? ______________________________ 
Are there caves located in our state? _______________________________ 
 If yes, how many? _________________________________________ 
Are there caves located in our county? ______________________________ 
 If yes, how many? _________________________________________ 
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Lesson 13 – Are There Caves Near You? 
Geology of My State Student Worksheet 
 
Name: ___________________ 
 
What state is our school located in? ________________________________ 
 
What rock types are found throughout our state? 
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________ 
 
What rock type is found where we live/go to school? 
_____________________________________________________________ 
 
Do you think there are caves located where we live/go to school?  Why or 
why not? _____________________________________________________ 
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________ 
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Lesson 14 – Take a Trip to a Cave! 
http://cavecurriculum.weebly.com/lesson-14---take-a-trip-to-a-cave.html  
 
 
Lesson 14 – Take a Trip to a Cave! 
 
Lesson Overview:  Students will participate in either a 
physical field trip or a virtual field trip to a cave. 
 
Standards Addressed: 
National Science Education Standards: 5th-8th grade 
 Content Standard D: Earth and Space Science 
International Society for Technology in Education 
Standards for Students: 
 Creativity and Innovation 
 Communication and Collaboration 
 Research and Information Fluency 
 Technology Operations and Concepts 
 
Duration of Lesson/Time Requirement: Variable 
 
Procedure: 
Throughout the previous lessons, students have come to learn about caves and the 
amazing underground treasures they are.  There is no better way to conclude a unit on 
caves than to visit a cave.   
 
A visit to a cave is undoubtedly more rewarding if a student has some appreciation of 
how caves form, how they are decorated with mineral deposits (speleothems), how 
organisms make their living in caves, and the important roles that caves have played in 
human history.   
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Take a physical field trip! 
Consult the U.S. Show Caves Directory to see if there are any caves that offer 
educational tours within reasonable traveling distance of the school.  The U.S. Show 
Caves Directory can be found at: http://www.goodearthgraphics.com/showcave.html.  
This list provides a link to the show cave’s website (if available) as well as the location of 
the cave and contact information. 
 
Many National Park Service (NPS) sites throughout the country also educate about 
caves.  For several of these sites the cave (or caves) found there are considered the 
primary resource of the park.  Many educational programs, including guided cave tours, 
at these sites focus on the cave and in many instances fees associated with programs 
can be waived for school groups with clear educational objectives to their visit.  These 
National Park Service sites include: 
 
Carlsbad Caverns National Park, New Mexico www.nps.gov/cave/  
Great Basin National Park, Nevada   www.nps.gov/grba/  
Jewel Cave National Monument, South Dakota www.nps.gov/jeca/  
Mammoth Cave National Park, Kentucky  www.nps.gov/maca/  
Oregon Caves National Monument, Oregon  www.nps.gov/orca/   
Ozark National Scenic Riverways, Missouri  www.nps.gov/ozar/  
Russell Cave National Monument, Alabama  www.nps.gov/ruca/  
Sequoia National Park, California   www.nps.gov/seki/  
Timpanogos Cave National Monument, Utah www.nps.gov/tica/  
Wind Cave National Park, South Dakota  www.nps.gov/wica/  
 
Take a virtual field trip! 
If there are no caves located near the school or if taking a physical field trip is not an 
option, arrange a “virtual field trip” to a cave.  This can be done by contacting staff 
members at a show cave and arranging a videoconference between a “cave expert” and 
the class.  
 
What is a videoconference?  A videoconference is a real-time video session between 
people in separate locations.  A point-to-point (two-person) video conferencing system 
works much like a video telephone.  Each participant has a video camera, microphone, 
and speakers mounted to his/her computer.  As the two participants speak to one 
another, their voices are carried over the network and delivered to the other’s speakers, 
and whatever images appear in front of the video camera appear in a window on the 
other participant’s monitor.   
 
Almost 30,000 videoconferencing systems were located in U.S. schools, service centers, 
district offices, and departments of education as of April 2009.  Through 
videoconferencing, teachers throughout the world have been able to plan and 
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coordinate experiences for their students that fulfill the objectives of their curriculum 
while appealing to the variety of learning styles and developmental needs of their 
students. 
 
Institutions that provide videoconferencing, such as national parks, zoos, aquariums, 
museums, science and technology institutes and many other educational institutions, 
can add value to lessons and enable teachers to give students the opportunity to 
interact with “experts” without leaving the classroom.   
 
During a quality videoconference the teacher becomes a facilitator and the “expert” 
leads the session.  Sessions should be highly interactive, thereby engaging the students 
to become active participants in their own learning. 
 
If your school has videoconferencing capabilities seek out a cave site that offers 
videoconferencing programs and arrange a “virtual field trip” to that cave.  Several of 
the National Park Service cave sites have the capability to videoconference from within 
the cave and many sites are using such technology to reach audiences who do not have 
the means of visiting the remote locations of the parks. 
 
If videoconferencing equipment is not available Skype (www.skype.com/) is an option.   
 
The basic version of Skype may be downloaded for free onto a computer and allows 
users to talk face-to-face with live video.  The only equipment required is a computer 
with an Internet connection that has a microphone and a webcam. 
Teachers all over the world are using Skype to make learning more exciting and 
memorable.  Skype offers an immediate way to help students discover new cultures, 
languages, and ideas, all without leaving the classroom. 
 
Skype in the Classroom (http://education.skype.com/) was recently created in response 
to – and in consultation with – the growing number of teachers using Skype to help their 
students learn.  It is designed to help like-minded teachers find each other, collaborate 
on projects, and share inspiration and resources.  Once teachers create a profile that 
sets out their interests, specialties and location, they can create projects.  Projects are a 
way for teachers to find partner classes, partner teachers or guest speakers for a specific 
learning activity.   
  
Things to consider 
When arranging the field trip experience, whether it is physical or virtual, discuss the 
format of the program with the “cave expert”.  Tailor the experience to the needs of the 
students and what they may be most interested in learning about.  Allow the “cave 
expert” to educate the students in what makes the cave they are visiting unique.  
Reiterate key concepts that the students have spent time over the past lessons learning 
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about such as cave formation, speleothems, cave life, and human uses of caves.  The 
students now have prior knowledge about caves and are likely to have many thoughtful 
questions.  Allow time for the students to pose their questions to the “cave expert” and 
receive their answers. 
 
If physically visiting a cave know what to expect during the field trip and communicate 
this effectively with the students.    
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Comments/Feedback page:                    
http://cavecurriculum.weebly.com/commentsfeedback.html     
                                                 
Comments & Feedback 
Your comments and feedback are very important.   
We would greatly appreciate you taking a few minutes to tell us  
what you think about “Amazing Caves!”  
 
If you are a formal educator (e.g. classroom teacher)  
please click on the link below to take the short 10 question survey: 
 
                      http://www.surveymonkey.com/s/XYCYZMD               
 
If you are a non-formal educator (e.g. park ranger, naturalist, docent, etc)  
please click on the link below to take the short 10 question survey: 
 
http://www.surveymonkey.com/s/T38MKM8  
 
Your thoughts about “Amazing Caves!” will help us improve the 
curriculum for future users.   
 
Thank you so much for your time! 
 
Sincerely, 
Noelle J. Grunwald 
University of Minnesota Duluth 
Master of Education Candidate - Environmental Education 
grun0260@d.umn.edu 
 
